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PREFACE 



TO 



THE FIEST EDITION. 



This book has been written in the hope that it may meet the 
wants of those who desire to obtain a practical acquaintance 
with the elements of animal morphology, and who find the 
existing manuals insufficient for their purpose. 

The animals selected iot description are those which are 
generally accepted as suitable types for a junior laboratory 
course. They are of convenient size, and can all be obtained 
readily and at small cost : they include characteristic repre- 
sentatives of the more important of the great groups of 
animals ; and they give opportunity for very varied methods 
of examination. A student who works conscientiously 
through the book will thus acquire a good insight into the 
leading facts of animal structure, and a technical knowledge 
of the principal methods of research. 

In the mode of treatment adopted the practical character 
of the book has been made paramount. Directions for dis* 
section have throughout been printed in italics, and a system 
of indentation has been adopted to render the subdivisions 
more distinct. In almost all cases the descriptions are so 
arranged that the whole dissection can be performed on a 
single specimen : if more than one can be obtained, the order 
in which the several sections are taken may be varied ; but in 
every case each of the main systems — vascular, nervous, etc. — 
should be dissected in its entirety, for in this way alone can a 
proper idea of its relations be obtained. 
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No attempt has been made to write exhaustive descrip- 
tions of the several animals ; neither has strict uniformitj of 
treatment been specially aimed at. Portions of the subject 
which experience has shown to present special difficulties 
are treated at what may appear imdue length; while, on 
the other hand, the limits of time ordinarily available for 
laboratory work have led to the almost entire omission of 
systems, such as the muscular, which are of subordinate 
educational value. 

Although this is essentially and professedly a laboratory 
text-book, yet morphological explanations have been freely 
admitted ; and this from a conviction that a student best 
grasps the meaning of anatomical facts if the explanation 
is given him while the facts are actually before his eyes. 

Illustrations have been introduced somewhat sparingly, 
for it is of the utmost importance that they should not be 
allowed to replace the drawings which a student must make 
from his own dissections. The majority of the figures here given 
are new, and have been drawn expressly for the book by Mr. 
Hurst or myself. The drawings on the wood were made by 
Mr. P. Hundley, and the blocks engraved by Mr. G. Pearson : 
both these gentlemen have taken great pains to render the 
figures at once fedthful and artistic. 

Throughout the whole time of preparation of this volume 
I have had the constant co-operation and assistance of my 
friend Mr. C. H. Hurst. Several of the chapters were 
originaUy drawn up by him, and in all I have had the ad- 
vantage of his aid, but for which the publication of the book 
might have been greatly delayed. Considerable pains have 
been taken to avoid mistakes, but it is curiously difficult to 
succeed in this, and corrections or suggestions from those who 
use the book will be very gratefully received. 

A. M. M. 

Owens College : December 1886. 
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INTEODUCTION. 



The following pages contain a brief summary of the methods 
ordinarily employed in the dissection and | microscopical 
examination of animals. They are not intended to form an 
exhaustive account of anatomical technology ; and in many 
cases they are repetitions of the practical directions given in 
other parts of the book. 

I. ON THE OBSEBVATION OF ANIMALS DUBING LIFE. 

All animals should be carefully observed alive before they 
are dissected, for by this means alone is it possible to obtain 
a clear idea of the uses and mode of action of many organs, 
such as the tentacles of Hydra, the odontophore of a snail, 
the scaphognathite of a crayfish, etc. 

n. ON DRAWING. 

Careful drawings must always be made, both of the living 
animal and of all dissections and preparations. These draw- 
ings should be made to scale, in a book kept for the purpose^ 
and on one side of the page only. 

Correctness of outline is of more importance than minute 
detail ; and the usefulness of the drawings is greatly increased 
by the systematic use of diagrammatic colouring. A separate 
colour should be employed for each system of organs, th& 
several parts of which may be indicated by gradations of tint» 

As a rule, the more bulky organs, as the liver, should be 
coloured with dull tints, and the brighter colours reserved for 
the smaller and less conspicuous parts. Arteries are usually 
coloured red, and veins blue. 

a 
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m. ON THE METHODS OF KILLING ANIMALS. 

The method of killing is of considerable importance, and 
careful attention should be paid to the directions given at the 
commencement of each chapter. 

It is important in most cases that the animal should die 
in an expanded or relaxed condition. This is most readily 
secured in the case of very minute animals, as Hydra and 
the Protozoa, by suddenly deluging them with osmic acid, 
which kills them instantaneously, before contraction can 
occur. With animals of larger size, chloroform affords the 
most convenient means for attaining the same end. 

Small animals, as the leech, earthworm, etc., may be 
readily killed by dropping them into solutions of corrosive 
sublimate, of chromic acid, or of picric acid, or into alcohol 
or chloroform. Crayfish may be killed by momentary immer- 
sion in boiling water ; and snails should be drowned, when 
they die fully expanded. 

Many other methods are in everyday use, and the purpose 
for which the animal is intended determines in many cases 
ihe method of killing. 

IV. ON DISSECTION. 

The object of disseiction is to separate the several organs 
from one another, so fiu: as is necessary to define their boun- 
daries, and display their relations to one another. It consists 
mainly in the removal of the connective tissue which binds 
the parts together and obscures their outlines. 

The necessary instruments are the following : — 

1. Two or three scalpels, of different sizes. 

2. Two pairs of forceps ; one large and one small. Both 
pairs should be straight, and should have roughened tips to 
secure a firmer hold. 

8. Two pairs of scissors ; one pair large and strong for 
general dissection, the other pair small for finer work. The 
latter pair should have the blades either bent at an angle— 
•elbow scissors — or else curved. In selecting scissors, care 
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should be taken to see that they cut qtdte'up to^the points of 
the blades. 

4. A pair of bone-forceps or very stout scissors, for catting 
bone and other hard substances. 

5. A pair of stout needles, firmly mounted in handles. 

6. A pair of the finest sewing-needles, mounted in handles. 
Only about a quarter of an inch of the needle should project. 
They are used for teasing histological preparations. 

7. A seeker, i.e. a blunt needle mounted in a handle, and 
bent at an angle half an inch from the end. 

8. A pocket-lens, containing two or three lenses mounted 
in a handle, and giving when combined a magnifying power 
of at least six diameters. 

9. A razor, and some means for keeping it sharp. 

10. A blow-pipe of metal or glass, with the end bent at an 
angle. 

11. A glass tube drawn out to a point at one end, and 
fitted with an india-rubber cap at the other : for use as a 
syringe, as described on p. xxi. 

For the dissection of the larger animals, as the dog-fish or 
rabbit, an ordinary deal board, about two feet long by a foot 
and a half wide, may be used ; to this the animal should be 
&stened by pins, those with large round heads being especially 
convenient. 

Smaller animals, and special parts of larger ones, should 
be dissected under water, which supports the parts and greatly 
facilitates the operation. For this purpose an ordinary white 
pie-dish with sloping sides is well adapted, the bottom being 
fitted with a sofk deal board weighted with lead, or a sheet of 
cork cemented in with marine glue. A similar but smaller 
dish may be used for dissecting under spirit. 

Animals, such as the cocloroach, which are difficult to fix 
with pins, may be cemented down with melted wax, or they 
may be half imbedded in a plate of paraffin, and the plate 
then fixed down with pins in the dissecting-dish. 

For fine work a dissecting microscope affords great assist- 
ance. The pocket-lens may readily be turned into one by 
fitting one end of an ordinary wine-cork into the handle O" 

a3 
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ease of the lens, and passing a stout pin transversely through 
the other end. The pin should he stuck upright into the 
dissecting-board, with the lens over the part to be dissected : 
focussing is effected by sliding the cork up and down the pin. 
The following rules for dissection should be carefolly 
observed : — 

1. Before commencing a dissection, fix the animal down 
firmly to the dissecting-board or dish. 

2. In fixing an animal with pins, stick them in obliquely, 
so that their heads do not get in the way or obscure the 
dissection. 

8. Dissect under water, unless the animal is too large. 
Change the water as soon as it gets dirty. A gentle stream of 
water allowed to play upon the dissection is often a valuable 
aid. 

4.' Never cut away anything until you are quite certain 
what it is you are removiag. 

5. Put the part you are dissecting slightly on the stretch. 
This applies more particularly to blood-vessels, nerves, ducts, 
and muscles. 

6. In cleaning blood-vessels, nerves, etc., dissect along 
them, and not across them ; and avoid laying hold of them 
with the forceps. 

7. The dissection is in many cases greatly &cilitated by 
placing the specimen in spirit for a day or so before dissecting 
it. In some cases the dissection may with advantage be per- 
formed under spirit. 

8. Always keep your instruments clean and sharp. Be 
careful not to blunt your fine scissors or scalpels by using 
them for cutting hard parts. 

9. If you get in a muddle, stop, and wash the dissection 
thoroughly under the tap before proceeding further. 

Successive slices cut from an animal, or part of an animal, 
with a razor are often exceedingly instructive ; this is especially 
the case with the mussel and snail, and with the brains of the 
rabbit and pigeon. The specimens must be previously har- 
dened with spirit or other reagent, and the slices should be 
examined in water or spirit. 
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The injection of coloured fluids into the blood-vessels or 
ducts of an animal renders them much easier to see, and to 
follow to their distribution. 

The colouring matter used must not be soluble in, or 
affected by, any of the fluids in which the specimen is after- 
wards to be dissected, hardened, or preserved. The most 
convenient are French blue, Prussian blue, vermilion, and 
carmine. 

In the case of the larger animals, freshly prepared plaster 
of Paris forms, if coloured, a convenient substance for injec- 
tion : it solidifies in the vessels, and so does not escape if a 
vessel is accidentally cut during the dissection. 

For smaller animals, thick gum-water or white of egg 
may be injected cold, or a jelly made of gelatin and water 
injected warm : the animal should afterwards be put into 
alcohol to harden the injection. If the animal is not to be 
dissected after injection, water coloured with any of the above 
pigments may be used with advantage, and this method is 
particularly useful for the alimentary and excretory systems 
of the liver-fluke. 

For injecting small animals, a suitable syringe consists of 
a glass tube with an india-rubber cap fitted on one end, the 
other end being drawn out to a point sufficiently fine to 
enter the vessel to be injected. After the tube is drawn out 
in the flame and cut off, its sharp edges must be slightly 
rounded off by holding for a moment in the flame. Several 
such cannulsB of various sizes should be kept ready. 

For injecting larger animals, such as a rabbit, with plaster 
of Paris, the blood must first be washed out of the vessels 
by injecting warm salt-solution. The following apparatus is 
necessary, and must all be placed on the table ready for use 
before the animal is killed ; for the blood coagulates after 
death so rapidly as to allow no time to look for instruments. 

1. GannulflB : glass ones are the most convenient ; they 
should be of various sizes, to fit the several vessels which it is 
proposed to inject, and each should have a slight constriction 
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near the tip, so that it may be firmly secured in the vessel by 
a ligature. The largest cannula that will enter the vessel 
should be used. 

2. A glass syringe, capable of holding about an ounce of 
fluid. A larger syringe is liable to get blocked up. 

8. Several jvieces of strong india-rubber tubing, about an 
inch long, to connect the nozzle of the syringe with the 
cannula, both of which they must fit rather tightly. 

4. Two or three glass plugs to fit the india-rubber tubing. 

5. A dish of water or salt-solution, in which all the cannube 
and india-rubber connections are laid, to displace the air from 
them. 

6. Fine plaster of Paris. 

7. A mortar and pestle. 

8. Colouring matter, such as carmine previously rubbed 
up with water : it must be well shaken before use. 

9. A piece of muslin to strain the injection through. It 
must be well wetted before use. 

10. A jar into which to strain the injection. 

11. A jar containing about half a pint of salt-solution (*75 
per cent.), at a temperature of 100^ F. 

12. Dissecting-board, pins, scalpels, scissors, two pairs of 
forceps, seeker, thin string or thread, and two or three pairs 
of ' bull-dogs.' These last are very short spring-forceps, the 
spring being so arranged as to close the forceps. They are 
convenient to stop the escape of blood or injection from any 
vessel that may have been cut. 

The injection should be performed close to a large sink, 
over which is a water-tap with a foot or two of wide india- 
rubber tubing attached. 

When everything is ready, kill the animal, and as soon as 
it is dead, lay it open, cutting as few blood-vessels as possible. 
Expose the root of the aorta or other vessel from which it is 
intended to inject the animal ; choose a cannula of the right 
size : fit it with an india-rubber connection ; fill it with salt- 
solution, and stop the end of the connection with a glass plug. 
Pass a ligature round the vessel : make a longitudinal Edit in 
the vessel ; insert the cannula ; tighten the ligature upon it. 



ON THE USE OF BEAGENTS xxiii 

and tie it with a bow. If the ligature be too tight it will cut 
the vessel. Fill the syringe with the warm salt-solution: 
remove the plug from the cannula : press the body of the 
animal slightly, to remove some of the blood from its vessels, 
and to get rid of any clot that may have formed close to the 
cannula. Inject the salt-solution, to force the remaining blood 
from the vessels before it can coagulate ; and wash or sponge 
the blood away. If the arteries are being injected, the vena 
cava and portal veins should be cut open to ailow free escape 
of the blood, and vice versd. 

Mix the plaster of Paris in the mortar, stirring in the 
colour, and making the plaster thin. Strain it rapidly through 
the muslin, and inject immediately with the syringe. When 
the vessels appear to be well injected, remove the syringe and 
insert the glass plug, and wash the animal to get rid of blood 
and any injection that may have escaped. 

Allow the animal to remain two or three hours in cold 
water before dissecting it or putting it into spirit. 

VI. ON THE USE OF BEAGENTS. 

Reagents are used for hardening, staining, and preserving 
specimens. Those required for general use are but few in 
number, and directions for their preparation will be found in 
the appendix. 

1. Hardening is necessary in the case of soft animals or 
tissues of which it is proposed to cut slices. For the mussel 
a ^ per cent, solution of chromic acid in water serves well. 
For the brain of a rabbit or pigeon ordinary methylated spirit 
is very convenient and efifective. The specimen must be left 
in the hardening fluid two or three days, and a large bulk of 
the fluid must be used, or else it must be frequently changed. 

Other methods are used when the specimen is to be cut 
into microscopical sections. (See Appendix.) 

2. Staining with some colouring fluid renders the various 
parts much more distinct, and is useful when the object is to 
be examined microscopically, and especially when it has to be 
cut into sections. 



XXIV INTKODUCTION 

Magenta is useful for staining fresh specimens, but the 
stain is not permanent. 

Carmine is perhaps the most useful of all stains. It 
affects different cells and parts of cells differently, and the 
stain is permanent. The most useful preparation of it is 
Grenacher*s borax-carmine : this should be used warm, and 
the specimens after removal from it should be placed in acid- 
alcohol for a few minutes or hours, according to their size. 

Picro-carmine has the advantage of being an aqueous 
stain, and may therefore be used either for fresh or hardened 
tissues. Immersion of the specimen in acid-alcohol for some 
time after staining improves the effect. 

Haanmtoxylin (Kleinenberg's solution) gives excellent 
results if used with due care, but a trace of chromic or other 
acid may completely destroy the colour after the specimen is 
mounted. 

Osmic acid, of which a 1 per cent, or ^ per cent, aqueous 
solution is used, is both a hardening and a staining reagent. 
It is only used with fresh tissues, and only with small speci- 
mens. It kills Protozoa instantly, and after a time stains 
their nuclei, though only faintly. Objects hardened with 
osmic acid may be stained with picro-carmine. A mixture of 
chromic and osmic acids forms a useful hardening reagent. 

Acetic acid, 1 per cent, solution, is useful for rendering 
the nuclei of cells more distinct : it is used with fresh 
specimens. 

Vn. ON MICBOSCOPICAL EXAMINATION. 

The microscope affords the means of investigating the 
structiLre of minute animals, and the finer details of those 
of larger size. The microscopical examination of the special 
organs of the larger animals is of great importance, and must 
on no account be neglected. 

The microscope consists of a body and a stand. The body 
is a tube of metal carrying the lenses, which are the essential 
part of the instrument. 

The stand supports the body, in such a way that the 
latter may be moved up and down without any lateral move* 
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ment. It also supports a stage, which ought to be horizontal, 
to hold the object to be examined. The stage has a round 
hole in its centre, through which light may be reflected on to 
the object by a mirror fixed below the stage. This aperture 
is usually much larger than is necessary ; but the excess of 
light, and especially the light far from the optical axis of the 
lenses, is cut off by means of diaphragms, of which there is a 
series, of various sizes, fixed in such a way as to allow of their 
being easily changed. 

The combination of lenses at the upper end of the body 
is the eye -piece ; the combination at the lower end is the 
objective. 

One or two eye-pieces, and two objectives of different 
magnifying powers, ^ inch and i inch, are requured. 

An object can be seen clearly through a microscope only 
when it is at a certain definite distance from the objective ; 
and this distance varies with different objectives and eye- 
pieces, and to a slight extent with different observers. An 
objective of high power requires to be nearer to the object 
than does one of low power. The regulation of this distance 
is called /oci^^stn^, and is effected in two ways. 

The coarse adjmtment of focus is made by simply sliding 
the body up or down, with a shght twisting movement, 
through the tube of the stand in which it is supported, or 
else by a rack and pinion worked by a milled head. 

The fine adjustment is effected by means of a screw, the 
position of which differs in different microscopes ; but which 
should be so placed that it can readily be worked with either 
hand. By turning the head of the screw &om left to right, 
in the direction of the hands of a watch, the body of the 
microscope is lowered, and the objective brought nearer to the 
object : by turning in the reverse direction, the objective is 
raised. 

In using the microscope the following rules are to be 
carefully observed : — 

1. Examine every object with the low power first. Having 
adjusted the eye-piece and the objective, turn the mirror so as 
to reflect the light up the body of the microscope : place the 
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object on the stage under the objective, and carefully lower 
the body with a screwing motion till the objective is about a 
quarter of an inch from the cover-glass : then look through 
the eye-piece, and gradually raise the body till the object 
becomes distinctly visible. Focus accurately with the fine 
adjustment screw. With the high power, begin with the 
objective close to the cover-glass, and then proceed as before. 

2. Never examine an object with the high power unless it 
is protected by a cover-glass. Take extreme care never to let 
the objective touch the cover-glass ; and never to touch the 
face of the objective or allow any dirt to get on it. The bee 
of an objective cannot be cleaned without doing harm to it. 

8. Keep both eyes open when looking through the micro- 
scope. Also get into the habit of using either eye. 

4. When examining an object, keep one hand on the fine 
adjustment, and keep screwing it up and down slightly. In 
this way parts of the object at different depths are brought 
into focus, and a much clearer idea of the object is obtained. 

5. With a high power, use a small diaphragm : the amount 
of light will be somewhat diminished, but the clearness and 
definition much increased. 

6. See that the body of the microscope slides smoothly in 
its tube. If it does not, remove it, and clean it by rubbing 
with a few drops of olive oil : wipe off the oil before replacing 
in the tube. Glean the inside of the tube in the same way. 

7. The object may appear indistinct from dirt in any of 
the following places, i.e, on the eye-piece, the objective, or the 
cover-glass. If it be on the cover-glass the dimness varies 
when the slide is moved ; if on the eye-piece, it varies when 
this is rotated ; if not on either of these, it must be on or in 
the objective. 

The eye-piece and the lower surface of the objective may 
be cleaned with chamois-leather or silk. If the objective 
is smeared with glycerine, wash it carefully, then dry with a 
sofk handkerchief. Canada balsam, which sometimes gets on 
the objective, may be removed with a drop of turpentine on a 
handkerchief. It is, however, safer to leave this to an optician 
or to the demonstrator, as a very small quantity of turpentine 
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getting inside the rim which carries the lens, may lead to the 
separation of the two lower lenses from each other, rendering 
the ohjective useless. 

Vm, ON CUTTING SECTIONS. 

Many points in anatomy and histology may be best made 
oat by examination of microscopical sections, that is, slices cut 
so thin as to allow of their being examined under the micro- 
scope by transmitted light. 

The hardened object, supported, if necessary, between two 
pieces'Of carrot, may be held between the fingers and thumb 
and sections shced off it freehand with a sharp razor. 

The microtome or section-cutting machine, however, givea 
better results. It consists essentially of three parts : a clamp 
or other contrivance for holding the object to be cut ; meana 
of guiding the razor ; and a * feeding ' arrangement. These 
parts are so arranged that the razor can be drawn smoothly 
across the object to be cut, taking off a section at each stroke,, 
the feeding arrangement bringing the object into the path of 
the razor, and the amount of * feed ' determining the thick- 
ness of the section. 

In the simplest form of microtome the razor is drawn by 
hand over a smooth plate, the object to be cut being pushed 
up through a hole in the centre of the plate by means of a 
screw or other ' feeding * arrangement placed below. 

More complicated microtomes have been devised to obviate 
the wearing of the edge of the razor by friction upon the 
plate ; to render it possible to cut the object in any desired 
direction ; to cut more evenly, more easily, and more rapidly ; 
and to yield sections in a string or ribbon so as to simplify 
and expedite the mounting of large series of sections. By 
means of a Threlfall-Caldwell microtome, sections may be 
obtained cohering at their edges to form a continuous ribbon 
at the rate of two or three hundred a minute or more. 

The preparation of an object for cutting in a microtome 
depends to some extent upon the nature of the object and the 
number of sections required, as well as the purposes for which 
they are intended. The object has in any case to be supported 



XXVUl INTRODUCTION 

by impregnating it with some homogeneous substance which 
is firm enough without being brittle or too hard. The 
freezing method is the simplest of all, but it is not easily applic- 
able when a large number of sections are required mounted 
in consecutive series, nor when very thin sections are re- 
quired. The tissue to be cut is first soaked in gum-water, 
then placed on the freezing-plate of the microtome and cooled 
by an ether- spray or a freezing mixture underneath. The 
frozen mass is cut when just thawing. 

The imbedding method is more complicated but has many 
advantages. The specimen, which may be stained previously, 
is dehydrated by soaking in absolute alcohol ; the alcohol is 
then removed by soaking in turpentine, xylol, oil of cloves or 
some similar substance, and the object is then transferred to 
paraffin kept just melted in a water-oven, the temperature not 
being allowed to rise above GCC. Paraffin melting at 55^ or 
66^ G is the best, though a softer paraffin may be used in a 
cold room, if it be found that the hard paraffin crumbles before 
the razor. When the object is thoroughly permeated, it is 
transferred to a small trough of paper with just enough 
paraffin to form on cooling a block completely enclosing it. 
It must be cooled as quickly as possible by placing the trough 
in a dish containing cold water, as the paraffin is liable to 
crystalHse if allowed to cool slowly. A couple of L-shaped 
blocks of metal, resting on a plate of glass or metal so as to 
form a box of adjustable size, may be used in place of the 
paper trough. The block containing the object is fixed in 
the microtome ; the most efficient of all contrivances for this 
purpose is, perhaps, a grooved metal plate which is simply 
warmed slightly and pressed against the end of the block, and 
then cooled quickly as soon as the block has begun to melt. 
The further procedure depends entirely upon the particular 
microtome used. The sections are to be mounted as described 
in section IX. 

IX. ON MOUNTING MICROSCOPICAL OBJECTS. 

The most convenient slide for microscopical objects is a 
slip of glass three inches long and one inch wide, or for large 
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series of sections the slide may be 1^ inch wide. The glass 
should be free from air-spaces and other flaws, and the edges 
should be ground. 

Cover-glasses must be very thin (No. 1.) and free from 
flaws. For single objects circular covers ^ to f inch in dia* 
met^ are best, and for series of sections square or oblong 
covers which should not come within ^ inch of the edge of 
the slide ; space should also be left at one end for a label. 

Cells are required to protect thick objects from the pressure 
of the cover-glass. Thin flat rings of tin are good, and should 
be cemented to the slide with gold size or ' brown cement ' ; 
or a ring of the cement painted on with a brush and allowed 
to dry may be used as a cell for thinner objects. No cell is 
required for sections. Copper, brass, and vulcanite cells are 
to be avoided. 

An object may be mounted dry by fixing it to the slide in 
the centre of a ceU with a very small quantity of collodion or 
gum-water, or of solution of shellac in creasote or alcohol. 
When the cement is dry, a cover of the same diameter as the 
cell is to be laid over it, and secured by varnishing at the 
edge with any of the cements sold for the purpose. 

More usually it is advisable to mount an object in a liquid 
or solid medium. Such are glycerin, which is liquid ; Far- 
rant's medium, and Canada balsam, which are liquids becom- 
ing solid ; and glycerin-jelly, which is solid when cold. 

An object, stained or otherwise, to be mounted in glycerin 
or Farrant's medium may be transferred to it direct from 
water — great care being taken to avoid introducing air. The 
drop of glycerin, etc., used should be just large enough to 
spread out to the edge of the cover. When glycerin is used, 
the cover must be fixed by means of gold-size or other cement 
applied round the edge with a small paint-brush. 

To mount in glycerin-jelly the object is first soaked in 
glycerin and then in melted glycerin-jelly {see Appendix), it 
is then transferred to a drop of the melted glycerin-jelly upon 
the slide and the warm cover, previously wetted with the 
melted jelly to aid in excluding air, is immediately placed 
upon it and held in position till the jelly soHdifies. Avoid 
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heating more than is necessary. The edges of the cover may 
be cemented as above, but this is not absolutely necessary. 

To mount an object in Canada balsam, it must, after 
staining, be dehydrated by soaking in alcohol ; then soaked 
in oil of cloves or other essential oil, or in xylol, benzin, 
•chloroform, ether, etc., till the alcohol is removed ; and, lastly, 
placed in the drop of balsam upon the slide and covered. 

Sections are mounted as follows : — 1. Sections cut frozen 
are transferred direct to the glycerin on a slide. A thin and 
delicate section cut frozen cannot well be mounted in balsam, 
but a moderately thick and tough one may be treated like any 
other object as described in the previous paragraph. 

2. The methods of mounting in balsam sections cut in 
paraffin are very numerous. The following answers well, and 
is especially adapted for mounting sections in series. 

Dry the slide thoroughly at about 60^ C. While still warm, 
coat it on one side with a delicate layer of sheUac — ^this is 
done by dipping a glass rod into an alcoholic . solution of 
shellac {see Appendix), and then holding the rod horizontal, 
laying it flat upon the slide and drawing it evenly over the 
siirface, when it will leave a thin layer of the solution upon 
he slide, and the alcohol evaporating immediately leaves an 
almost imperceptible layer of shellac on the surface. Just 
before placing the sections upon this, smear it very slightly 
with oil of cloves ; lay the sections perfectly flat upon the still 
moist slide, and put the slide for fifteen minutes into an oven 
a.t a temperature of 60° C. Remove the slide and pour 
turpentine upon it, or immerse the warm slide bodily in the 
turpentine for a minute or two, to dissolve the paraffin out of 
the sections ; lift out of the turpentine ; drain about fifteen 
seconds, drop the balsam upon the sections while they are 
^till wet with turpentine ; and cover immediately. 

X. ON MEASURING MICROSCOPIC OBJECTS. 

The eye-piece micrometer is a plate of glass, the upper 
surface of which is either engraved with a scale, or is divided 
into a number of equal squares by cross-lines ruled upon it. 
This is placed between the lenses of the eye-piece of the 
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microscope in sach a position that the scale can be seen dis- 
tinctly on looking throagh the microscope. 

The stage micrometer is a slide on which a scale is en- 
graved, divided to, say, hundredths and thousandths of a 
millimeter. 

To measure a minute object, focus it under the micro- 
scope "with the eye-piece micrometer in position ; read off the 
apparent size on the scale of the micrometer; replace the 
sUde by the stage micrometer and read off upon that the 
actual value of the noted number of divisions of the eye-piece 
micrometer. 

The value of each division on the eye-piece micrometer 
will obviously vary when the objective is changed or the 
length of the microscope tube is altered. 

By means of a camera lucida a sheet of paper laid on the 
table at the side of the microscope is visible at the same 
time as an object under the microscope,, and if a scale be 
drawn upon this coinciding with the apparent image of the 
stage micrometer scale seen through the microscope, the 
paper may be used to measure directly the size of an object 
whose image is superimposed upon it. 

Eye-pieces and stages are also constructed in which the 
measurement is accomplished by means of a fine screw with 
a divided head.- To use the micrometer stage, the slide 
bearing the object is laid upon it, one edge of the image is 
made to coincide with a mark upon the eye-piece micrometer 
or a slip of glass in the same position. The screw of the 
stage is then turned till the opposite edge of the image 
coincides with the same mark, the distance through which 
the slide has been moved is then read off on the divided head 
of the screw and this distance is, of course, the diameter of 
the object. 

XI. ON PREPARING SKELETONS. 

Skeletons of rabbits, fowls, etc., maybe prepared by mace- 
ration or by boiling. Before macerating the bones should 
have most of the flesh cut off ; they are then to be put into 
cold water and left for several weeks for the remaining flesh 
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to rot away. They will afterwards require copious washing, 
and may then be bleached by exposure to direct sunlight for 
two or three weeks, during which time they should be re- 
peatedly dipped into water and then left to dry. This same 
process also removes much of the offensive smeU of freshly 
macerated bones. Both these effects may, however, be more 
quickly produced by steeping the bones in a clear solution of 
bleaching powder, and afterwards washing them in running 
water. 

Boiling the bones and then picking off the flesh yields 
skeletons serving all the purposes of the student, though not 
so white as those obtained by maceration. 

The preparation of cartilaginous skeletons is described at 
page 200. 
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Chapter I. 
THE PROTOZOA. 

A PBOTOZOON is an animal which consists of only one 
cell, the equivalent of a single cell of any of the tissues of a 
higher animal. 

Protozoa are always of small size, and are usually micro- 
scopic. 

I. AMCEBA. 

This protozoon is found at the bottoms of freshwater 
pools, and in damp situations. Its indefinite and ever-chang- 
ing shape is characteristic, and has gained for it the name 
' proteos animalcule.* There are several forms, the largest 
of which are just \isible to the naked eye, while others are 
exceedingly minute. 

Place a drop of water containing Amosba on a slide : 
cover ; and search for the animal with a low power of the 
microscope. When found, examine it with a high power, 

A. General appearance. 

The animal is an irregular mass of protoplasm, running 
oat into blunt processes or psendopodia, the protrusion and 
retraction of which cause great changes in the form of the 
cell. The pseudopodia may branch shghtly. 

B 
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B. Btnetore. 

The whole body is a naked mass of protoplasm, which is 
of two kinds. 

1. The Mtoaaro is the olearet cater portion of the body. 

2. The eadotatc is the granular and usually moid fluid 

central portion. Its flowing tnovementB, which 
accompany the protrusion and retraction of the 
pseudopodia, are rendered obrioos by the pranules 
contained in it. 
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Within the cndosarc viake out the following structures. 
a. Vacuoles are spaces filled with fluid, which is less 
dense than the surrounding protoplasm. They 
contain in many cases foreign particles taken in 
as food. 
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b. The pulsating vacuole is a space filled with a 

watery fluid. It is fairly constant in position, 
and pulsates rhythmically. More than one may 
he present. Time its pulsations. 

c. The nucleus is a spherical or ovoid body, denser 

than the rest of the endosarc and highly refrac- 
tive. During life it is not easily seen, but it is 
rendered obvious by killing the animal with 
acetic acid (1 per cent.), or by staining with 
magenta. More than one may be present. 

C. Moyements. 

The constant but slow change of form already referred 
to is known as 'amoeboid movement.* Pseudopodia are 
protruded from any point of the surface, and can be com- 
pletely withdrawn, and a slow crawling movement of the 
whole animal can be effected by their means. Pseudopodia 
may also surround particles of food and then be withdrawn, 
bringing the food-particles into the body. 

Draw a specimen of Am^ba several times at intervals of 
half a minute, indicating the direction of flow of the particles 
by means of arrows. Compare the drawings, and note the 
differences of form even in sliujgish specimens in which nuyve- 
ment was not obvious. 

Feed with indigo or carmine, or other finely divided 
pigment, and note that food is taken in at all parts of the 
surface. 

D. Beproduction. 

Amoeba multiplies by fission ; that is, the whole mass 
divides into two, each containing a portion of the nucleus, of 
the endosarc, and of the ectosarc of the original ceU. 

II. PARAMECIUM AURELlA. 

This is a free-swimming freshwater protozoon found 
abundantly amongst decaying vegetable matter. It differs 
firom Amoeba in its more definite shape ; in the more marked 
differentiation of ectosarc and endosarc ; in the presence of 
cilia and the absence of pseudopodia ; in its active locomotion 

B 2 
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by means of tlie cilia; and in the pOBBesaion of a definite 
moath, and of definite dorsal and ventral BuitaoeB, and ante- 
rior and posterior ends. 

Put a drop of water containing Parameda on a slide ; 
tpread a very little cotton wool over it, to limit the move- 
menta of the anijnals ; cover, and examine with low and high 
powers. 
A. General appearance. 

The animal is an elongated, somewhat flattened body 
about -fiff inch in length, rounded at its narrower anterior 
end. and bluntly pointed at the broader posterior end. 
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It swims actively by means of cilia distributed over its 
entire surface. Near the middle of the ventral or oral aarbce 
is an obhque groove leading to the mouth. 
B. Structure. 

The two layers, ectosarc and endosaic, are much more 

sharply defined than in Amceba. 

1. The ectosarc is the comparatively firm outer layer, the 

elasticity of which preserves the general form of the 

body. Its deeper port is marked by longitudinal 

or oblique ' myophan ' itriationa, which vary in dis- 
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tinctnesB "with the movements of the animal, and 
are probably due to longitudinal wrinkling of the 
inner snrfiBice of the ectosarc. 

a. The cuticle is the delicate superficial and stiffer 

layer, serving as a protective covering for the 
underlying protoplasm, of which it is the dif- 
ferentiated external layer. 

b. The cilia are very numerous delicate vibratile fila- 

ments arising from the layer of ectosarc imme- 
diately beneath the cuticle, through which latter 
they project. They are of uniform size over the 
entire surface, and extend into the oral groove. 
Their rapid movements serve both for locomotion 
and for the ingestion of food. 

c. The trichooysts are minute oval sacs arranged side 

by side in the deeper part of the ectosarc, per- 
pendicular to the surface, and in such numbers 
as to form an obvious layer. When the animal 
is irritated a stiffish thread can be shot out from 
each of these trichocysts, and project on the sur- 
fEkce beyond the cilia. They are protective and 
ofiensive weapons. 

d. Two pulsating yaouoles are situated in the sub- 

stance of the ectosarc of the dorsal, or aboral 
region, one at about a third of the animal's length 
from each end. In diastole they are nearly 
spherical, but at the moment of systole, or con- 
traction, they become stellate, and canals can 
then be seen radiating from them. They also 
open to the exterior at the same moment. 

e. The oral groove runs obliquely backwards along the 

ventral surface from near the anterior end to the 
mouth, which is placed a little behind the middle 
of the length of the animal. Its cilia are directed 
towards the mouth, and drive water and food- 
particles into it. 
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f. The month is an oval aperture in the ectosarc at 

the hinder end of the oral groove, through which 
the food passes into the endosarc. 

g. The anus is an aperture between the mouth and 

the hinder end of the body. It is visible only at 
the moment of extrusion of faecal matter. 

2. The endosarc is the more fluid granular protoplasm 
forming the central portion of the cell- body. 

a. The food-yacnoles are spherical spaces in the 

endosarc filled with water containing food- 
particles. 

b. The circulation of the endosarc is rendered obvious 

by the food-vacuoles and the granules, which are 
carried round in a definite direction. 

c. The nucleus is an elongated ovoid body near the 

centre of the cell-body. 

d. The paranucleus is a much smaller body applied to 

one side of the nucleus, and resembling it in 
appearance. In some cases both nucleus and 
paranucleus appear to be situated in the ectosarc 
rather than in the endosarc. 

C. Aeproduction. 

1. Fission is the most usual method, and is effected in the 

following manner. A transverse constriction appears 
on the surface of the animal, and deepens till the 
body is divided into two, each having a portion 
of the original nucleus and paranucleus, and each 
becoming a perfect Paramecium. 

2. Coiyugation is not a mode of reproduction but is 

closely connected with it. Two Paramecia become 
united by their ventral surfaces, and, after swim- 
ming about together for some time, separate 
and become independent again. During and after 



OPALINA 7 

this anion certain changes occur in the nuclei 
and paranuclei of both individuals, resulting in 
the so-called 'rejuvenescence of the nuclei,' and 
followed by rapid and repeated fission of the two 
Paramecia. 

m OPALINA 

Opalina is a protozoon usually found living in large 
numbers in the large intestine of the frog. From its large 
size and the ease and certainty with which it can be obtained 
it is a very convenient form for examination. 

Slit up the la/rge intestine of a freshly-pithed frog ; scrape 
away the contents together with the rmicous membrane of the 
intestine, and dilute with salt solution ('75 per cent,). 
Examine a drop of the mixture microscopically, 

A. General appearance. 

Opalina is a flattened, asymmetrically oval body, about 
^V inch long, covered with cilia by means of which it swims 
actively. It has neither mouth nor anus. 

B. Stmctore. 

1. The ectosarc is thinner than in Paramecium. There 

are no pulsating vacuoles, and no trichocysts. 

a. The cuticle, if present at all, is exceedingly thin. 

b. The cilia are of equal size over the whole surface. 

c. ' Myophan' striations are obvious : they are mainly 

longitudinal. 

2. The endosarc contains no food-vacuoles, owing to the 

fluid nature of the food : this also accounts for the 
absence of a mouth, the nutriment being absorbed 
by the whole surface of the cell-body. 

a. The nuclei are numerous. 

G. Beproduction. 

This is effected by oblique or transverse fission 
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IV. VORTICELLA. 

Vorticella, which is just recognisable with the naked eye, 
differs firom the two preceding infasorians in being attached 
by a contractile stalk to plants or other objects, often to other 
aquatic animals ; it may, however, under certain conditions 
become detached from its stalk and swim freely. 

Both freshwater and marine forms of Vorticella are known. 
The following description applies more particularly to some 
of the larger freshwater species, but most of the marine forms 
closely resemble these. 

Mount a specimen in a drop of water together with a bit 
of the weed or other substance to which it is attached. 
Examine it microscopically. 

A. Oeneral appearance. 

1. The form of the fully expanded animal is bell-shaped, the 

mouth of the bell being closed by the circular disc, 
and the handle of the bell represented by the slender 
stalk by which the animal is attached. The disc is 
placed somewhat obliquely : it is in contact with 
the edge of the beU at the 'dorsal' surface, but 
separated from it in most forms by a groove at the 
opposite or ' ventral ' edge. 

2. The peristome is the thickened everted margin of the 

beU. 

8. A fringe of cilia runs romid the margin of the disc, in 
the groove separating it from the peristome. 

4. The vestibule is a conical cavity opening exteriorly 
between the ventral margins of the disc and peri- 
stome. The cilia with which it is provided cause 
a rapid current of water to flow in and out of it. 

If this current be not visible, run under the cover-glass a 
little water containing some insoluble pigment, e.g. carmine 
or indigo. Indicate the direction of the current in the vesH- 
bule by arrows on your drawing. 
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5. The pharynx is the narrower continuation of the vesti- 

bule inwards. Its cilia drive water, bearing food- 
particles, into the endosarc. 

6. The anus opens into the vestibule, but is only visible at 

the moment of extrusion of feecal matter. 

7. The oontractility of the animal is exhibited when it is 

irritated, as by lightly touching the cover-glass with 
a needle. The peristome is then suddenly turned in, 
concealing the disc and cilia, and at the same moment 
the stalk is suddenly coiled up into a corkscrew 
spiral. If the irritation be discontinued, the stalk 
gradually straightens out, the disc and peristome be- 
come everted, and the ciliary movement is resumed. 

B. Structure. 

1. The ectosarc is the external layer of the ceU-body : it 
also lines the vestibule and pharynx. The stalk is 
a prolongation of the ectosarc only. 

a. The cuticle forms a protective covering for the 

whole surface. It is thickest on the stalk, and 
the straightening out of the stalk after contraction 
probably depends upon its elasticity. 

b. Cilia are restricted to the margin of the disc, 

the vestibule, and the pharynx. They produce 
a current which runs round the disc in the 
direction opposite to that of the hands of a 
watch, then down the vestibule near its ventral 
surface, and, after a turn in the upper part of the 
pharynx, up along the dorsal wall of the vestibule 
to the exterior. The appearance of a long vibra- 
tile ' vestibular seta ' in the dorsal part of the 
vestibule is probably due to the movements of the 
vestibular cilia. 

c. A longitudinal ' myophan ' striation is visible in the 

deeper layer of the ectosarc, especially in the 
lower part of the body close to the stalk. 

d. The contractile band running down inside the 

cuticular sheath of the stalk is continuous above 
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with the deeper, * myophan,' layer of the ecto- 
sarc of the hody. The spiral shortening of the 
stalk is due to its contraction. In a specimen in 
which this band had been broken, it was seen to 
be drawn up suddenly towards the body at each 
inversion of the disc, the stalk, however, remaining 
straight. 

2. The endosarc is the more fluid granular central portion 
of the cell-protoplasm. It does not extend into the 
stalk. 

a. The food vacuoles circulate with the endosarc. 

b. The nucleus is an elongated curved band in the 

upper part of the body near the pharynx. 

c. The single pulsating vacuole is spherical, and 

situated between the disc and the vestibule, into 
which latter it opens. 

C. Keproduction. 

1. Fission. The cell-body becomes widened laterally, and a 

constriction appears, running across its distal surface. 
This constriction extends downwards till it reaches 
the base of the bell close to the stalk, dividing the 
cell-body into two halves : of these one is like the 
parent, and remains attached to the stalk. The 
other, while still attached to the base of the first, 
develops an aboral circle of cilia near its base, 
becomes detached, and swims away by means of the 
aboral cilia. After a time it attaches itself by its 
base to some submerged object, loses its aboral 
cilia, and forming a stalk by elongation of its base 
becomes a Vorticella similar to the parent from which 
it has been cut off. The process of fission may be 
completed in from one to two hours. 

2. Coigugation occurs sometimes, but it is unHke the con- 

jugation of Paramecium in two important points. 
Firstly, the conjugation is between two dissimilar 
forms, an ordinary, large, stalked form, and a much 
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smaUer free-swimming form which has originated 
from repeated division of a large form. Secondly, 
the union of the two is a complete and permanent 
fusion, the smaller being absorbed into the larger. 

This permanent fusion of a small active cell with 
a relatively large fixed cell, followed by division of 
the fused mass, bears a striking analogy to the pro- 
cess of sexual reproduction occurring in higher 
animals. 

8. Encystment may occur after conjugation, and apparently 
as the result of it. The disc becomes retracted ; 
the cell-body usually separates from its stalk, be- 
comes spherical, and secretes a cyst around itself; 
the nucleus enlarges and becomes greatly elongated 
and then moniliform, and finally breaks up into a 
number of 'spores.' These are ovoid bodies, each 
with a circlet of cilia. The cyst ruptures and the 
spores escape and swim freely, multiplying by fis- 
sion; later on each becomes attached by the end 
surrounded by the cilia and develops a disc at the 
opposite end, loses its original zone of cilia, and 
grows up into an ordinary Vorticella. 

This process is not of frequent occurrence. 

D. Action of Reagents. 

1. Kill some Vorticella with acetic, acid (1 per cent, or 

weaker). Stain with magenta or carmine^ and 
mount in glycerine, or balsam. 

The nucleus will be stained, and its shape and 
relations can be well studied. 

2. Weak solutions of poisons such as acetic acid, corrosive 

sublimate, etc., cause the animal to retract its disc, 
and the stalk to gradually coil up into a close spiral, 
and then break off close to the base of the bell. In 
the natural condition the cell-body may separate in 
the same* way from the stalk and swim away to a 
fresh resting-place, when scarcity of food or other 
adverse circumstance renders it advantageous. 
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Chaptek n. 
HYDRA. 

Hydba is a small freshwater animal, abundant in ponds 
and ditches and in slowly-moving streams. 

It consists of a tubular body about a quarter of an inch in 
length, one end of which is closed while the opposite end is 
open and forms the mouth, a short distance below which is a 
circle of tentacles usually six to eight in number. 

Both the tentacles and the body are extremely contractile. 
The former, when the animal is disturbed, can be almost 
completely withdrawn, and the latter may shrink up so as to 
become a mere knob or button. 

Hydra is usually attached by its closed basal end or foot 
to water-weeds or other foreign bodies. By contractions of 
the foot it can crawl along slowly, and it can also progress 
more rapidly by fixing itself alternately by the mouth and 
foot, arching the body with a looping movement like a cater- 
pillar. It is carnivorous, and by means of the nematocysts 
with which its tentacles are studded can paralyse and kill 
animals nearly as big as itself and of active habits. 

Hydra receives its name from its remarkable power of 
recovery from injury. A specimen may be cut into two or 
more pieces, either transversely or longitudinally, and each 
fragment will not only survive but within a short time become 
a complete Hydra. The entire animal may even be regene- 
rated from a single tentacle. 

At least three species of Hydra are described as occurring 
commonly in this country. Of these H. viridis is distin- 
guished by its green colour and its smaller size, H. fusca 
is brown in colour, and H. vulgaris almost colourless. 



It U uncertain, however, how for these Bpecies are really 
distinct from one another, and the following description will 
apply to any of tbera. 
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I. EXAMISATION OF A LIVING SPECIMEN. 

Cut off a small piece of weed Vfith a Hydra attached to 
it : place it on a slid£ in a drop of water, and put on a cover- 
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glass. If the Hydra is detached or fixed to the side of the 
tank, take it up with a dipping tube, and place it on a slide in 
a drop of water, with a small piece of weed for the animal to 
attach itself to, and to protect it from pressure. Cover as 
before. 

A. General appearance. 

Leave the slide until the Hydra has fully expanded, and 
then examine it with a low power. 

1. The body is tabular: its cavity, the enteron, opens to 

the exterior at the mouth, and serves as the digestive 
cavity of the animal. 

The shape of the body varies very greatly accord- 
ing to the degree of elongation or contraction. It is 
usually more slender in its proximal or basal half 
than in the distal portion, but when fully extended 
is of nearly uniform diameter throughout. It is 
often distended locally by food. 

a. The foot is the closed proximal end of the body 

which forms a kind of sucking disc for attachment 
to foreign bodies. 

b. The mouth is a small aperture at the free or distal 

end of the body. It can be greatly dilated so 
as to allow the entrance of food-masses of con- 
siderable size. 

c. The hypostome is the part of the body above the 

tentacles. It is conical in shape, with the mouth 
at its summit. 

2. The tentacles are hollow processes of the body- wall, 

usually six to eight in number, and arranged in 
a single whorl round the base of the hypostome, 
which is the widest part of the body. Their cavities 
open into the general digestive cavity of the animal. 
The tentacles, which have a warty appearance, 
are extremely contractile. When fully extended 
they are two or three times the length of the body : 
when fully contracted they are scarcely visible. 
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They are capable of free and aotive moyement, and 
are ased for capturing and paralysing the prey, 

which they then, by their contraction, transfer to 
the month. 
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B. Btrnotnre. 
1. Strnotnre of the body-wall. 

Examine the body-wall more closely with the low power, 
and note its division into layers. 

ft. The eotoderm is the ontermost layer of the body. 
It is colourless, and forms about a third of the 
entire thickneBB of the wall. 



\ 
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b. The endoderm is the inner layer, lining the diges- 

tive cavity, and forming about two-thirds of the 
thickness of the body-wall. It is coloured green 
or brown according to the species of Hydra 
examined. 

c. The supporting lamella, or mesogloBa, is a very 

thin gelatinous layer between the ectoderm and 
the endoderm, and hardly visible with the low 
power. 

2. Structure of the tentacles. 

Examine one of the tentacles with a high power, and note 
its division into layers corresponding to those of the body-'WalL 
Examine (1) the middle of the width of the tentacle, altering 
the focus so as to bring the several layers into view in turn ; 
and (2) the edge of the tentacle, where by proper adjustment 
of the focus a profile view of the cells can be obtained. 

a. The ectoderm is a cellular layer made up as follows. 

i. The large ectoderm cells form a single layer 
covering the whole surface of both the tentacles 
and the body. They are somewhat conical 
in shape. Their outer ends are closely fitted 
together, forming a mosaic pattern very 
clearly visible in surface views of the ten- 
tacle. Their inner ends, which rest directly 
on the supporting lamella, are narrower, and 
separated from one another by intervals of 
varying extent. 

The shape of these large ectoderm cells 
varies very greatly with elongation and contrac- 
tion of the tentacle. When contracted they are 
widened transversely, and their outlines are 
very distinct ; when expanded their length con- 
siderably exceeds their width. 

ii. The interstitial cells are small rounded cells 
placed in little clusters between the inner or 
basal ends of the large ectoderm cells. 



I 
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iii. The nematooysts or < thread cells* are sharply 
defined oyaJ capsules, filled with fluid and en- 
closing a long hollow spirally-wound filament, 
formed by doubling in of the wall of the cap- 
sule at one pole. They develop within certain 
of the interstitial cells called cnidoblasts, and 
lie when mature in and between the large 
ectoderm cells, causing marked projections on 
the surface. 

The cnidoblast, or cell within which the 
nematocyst is developed, persists as a capsule 
surrounding it, and is produced at its outer 
or free surface into a small process, the 
cnidociL 

These nematocysts can be discharged or 
exploded, the contained hollow filament being 
shot out with great force and velocity. In 
this process of discharge, which is probably 
brought about by contraction of the cell in 
which the nematocyst lies, the basal part of 
the thread is discharged first, and, being pro- 
vided with barbs, of which there are three 
principal and several smaller ones, fixes itself 
at once in the body against which the thread 
is shot, and into which the remainder of the 
filament penetrates with great rapidity. 

The discharge of these filaments appears 
to be under the control of the Hydra : they 
exert a very marked numbing or paralysing 
action on animals into which they are shot, 
and are the means by which the Hydra cap- 
tures its prey. A nematocyst once discharged 
cannot be used again, and is cast off. 

Besides these large nematocysts, much 
smaller ones, with short thick threads devoid of 
barbs, occur in large numbers in the tentacles. 
Their function is unknown. 

Nematocysts of both the larger and the 
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smaller kinds occur in the body- wall, though 
less abundantly than in the tentacles, 
iv. The nerve-cells. Certain small stellate cells 
found in the ectoderm are described as nerve- 
cells. A connection between them and the cells 
enclosing the nematocysts has been traced, 
and it is possible that they are concerned in 
the discharge of the latter. 

b. The endoderm consists of a single layer of large 

granular cells lining the cavity of the tentacle. 
Several of these bear flagella, by which currents 
are caused along the tentacle. 

Focus the middle of the thickness of the tentacle : note 
the movements of the flagella of the endoderm cells, and the 
stream of nutrient particles up and down the cavity of the 
tentacle. 

c. The supporting lamella is the thin gelatinous layer 

between the ectoderm and the endoderm. 

Focus the side of the tentacle at the middle of its thickness, 
and the supporting lamella will be seen as a thin transparent 
layer between the ectoderm and the endoderm. 

Sharply tap the microscope so as to cav^e the Hydra to 
retract its tentacles. 

In the contracted condition of the tentacle the 
ectoderm and endoderm are both strongly wrinkled 
transversely, but the supporting lamella is not. 
This shows that the latter is the contractile 
layer; or at any rate that it contracts to a greater 
extent than either ectoderm or endoderm. 

d. Discharge of the nematocysts. 

Foctis one of the tentacles with the high power : then place 
a drop of acetic acid on the slide and allow it to run under 
the cover-glass. 

As the reagent reaches the tentacles these 
will be retracted and their nematocysts discharged 

c 2 
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in consequence of the irritation. Some of the 
nematocysts will remain in the ectoderm with 
their threads projecting freely ; others wiU sepa- 
rate completely. 

Examine^ and draw the nematocysts, showing their shape, 
the threads with their enlarged basal portions, and the barbs. 

Search for specimens with partially discharged threads ; 
and note that the threads are turned inside out in the process 
of discharge. 

G. Reproduction. 

Hydra reproduces asexually and sexually. 

1. Asexual reproduction. 

a. Gemmation or budding consists in the formation 

of a hollow outgrowth from the side of the body, 
which acquires a mouth and tentacles at its distal 
end, and ultimately constricts at its base, separates 
from the parent, and becomes an independent 
animal. 

The rate of budding depends largely on the 
supply of food and on temperature. If a rapidly 
budding Hydra be transferred to water in which 
there is little or no food to be obtained the forma- 
tion of the buds wiU be stopped, and buds already 
formed may even be absorbed. 

A single Hydra may give rise to more than 
one bud at once, and these may develop secondary 
buds before separating from the parent animal. 
In this way temporary colonies may be formed, 
which, however, sooner or later break up into 
their component units. 

b. Fission. A Hydra may be cut in two, and each half 

will live and become a perfect animal. The pro- 
cess of fission, however, is not known to occur 
naturally. 

2. Sexual reproduction. 

Hydra is hermaphrodite, the same animal having 
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both testes and ovaries. Contrary to the rule among 
hermaphrodite animals, the reproductive organs are 
extremely simple in structure, and the animals are 
capable of fertilising their own ova. 

a. The testes are conical or spherical swellings of the 
body- wall, varying in number from one or two up 
to twenty. They are usually situated near the 
oral or distal end of the body, not far below the 
tentacles ; but when numerous they may extend 
along the greater part of the length of the body. 
Each testis is formed by local proliferation of 
the interstitial cells of the ectoderm, giving rise 
to small conical heaps, which project externally 
and are covered on their outer surfaces by cap- 
sules formed from the large ectoderm cells. 

The interstitial cells become directly con- 
verted into spermatozoa by modification of their 
nuclei to form the heads, and elongation of their 
protoplasm to form the long swimming tails. 
When fully formed they are discharged by rup- 
ture of the capsule at its most prominent point. 

Select a Hydra in which the testes are of large size ; put 
it in a drop of water on a slide; cover it; and, by gentle 
pressure on the cover-glass, rupture one of the testes^ and so 
discharge the spermatozoa. Examine with a high power. 

The spermatozoa are filiform bodies about 
y^ inch in length. Each consists of a small 
oval highly refractive head, containing the nu- 
cleus, and a long actively moving thread-like 
tail. 
b. The ovaries usually develop a little later than the 
testes. In Hydra viridis there is seldom more 
than a single ovary present at a time, but in the 
brown species there may be as many as eight. 
They form, when ripe, spherical projections of the 
body- wall considerably larger than the testes, and 
situated as a rule nearer the basal end of the animal. 
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In each ovary only a single ovum is produced. 
The ovary is formed like the testis by multiplica- 
tion of the interstitial cells to form a small swelling : 
one of these cells, near the centre of the heap, 
soon becomes larger than the rest and becomes 
the ovum. This grows rapidly at the expense of 
the other cells of the ovary, which form a capsule 
around it and supply it with nutriment. The 
ovum is at first amoeboid so as to come into 
contact with as many of the nutrient cells as 
possible. When it has reached its full size it 
becomes spherical or ovoid ; the capsule then 
thing aways and ruptures at its summit, and, 
shrinking back, leaves the outer half of the ovum 
exposed to the water, and ready to receive the 
spermatozoa. 

After fertilisation the ovum segments, forms 
a hard capsule around itself, becomes detached 
from the parent, and, falling to the bottom of 
the tank or pond in which the animal is living, 
develops into a young Hydra. 

II. EXAMINATION OF PREPARED SPECIMENS. 

A. Teased Specimens. 

Tease thoroughly in a mixttire of equal parts of glycerine 
and water a small portion of the body-wall of a Hydra that 
has been treated for a day either with Muller's fluid or with 
a mixture of osmic and acetic acids. Cover, and examine 
with a high power. 

1. The ectoderm cells. 

a. The large ectoderm cells will be found isolated in 
various parts of the preparation. They are some- 
what conical in shape, their outer ends being 
broad and containing the large nuclei. Their 
inner ends are much narrower, and are produced 
into slender muscular processes or tails. These 
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tails lie on the outer surfiaoe of the supporting 
lamella, and partially imbedded in its substance. 
Their direction is mainly longitudinal, ue, parallel 
to the long axis of the animal, and it is probably 
on them that the contractility of the supporting 
lamella (p. 19) depends. 

b. The interstitial cells are much smaller, and usually 
remain in small clusters. Within some of them 
the early stages of development of the nematocysts 
may be seen. 

0. The nematocysts. In specimens killed with Miiller's 
fluid, nematocysts are frequently met with in 
which the thread is only partially protruded, and 
in which the relations of the capsule to the thread 
can be readily determined. 

2. The supporting lamella may be seen in teased prepara- 
tions in the form of transparent shreds or sheets of 
greater or less extent, on the outer surface of which 
a distinct longitudinal striation is present, caused by 
the muscular tails of the large ectoderm cells. 

On the inner surface of the supporting lamella 
transverse fibres occur which are described by some 
writers as connected with the endoderm cells, and 
are regarded as muscular in character. 

8. The endoderm cells are very variable in shape. Each 
commonly contains one or more vacuoles which may 
be so large as to reduce the protoplasm of the cell to 
a very thin peripheral lamella. The outer end of 
the cell, next the supporting lamella, contains in 
Hydra viridis a number of small spherules coated 
with chlorophyll, to which the green colour of the 
animal is due. In the brown species of Hydra 
similar bodies are present, but devoid of chlorophyll. 
The endoderm cells may also contain, in addition 
to particles of food, little clusters of brown or black 
granules, probably formed by breaking down of the 
chlorophyll grains. The flagella are seldom pre- 
served in teased specimens. 
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B. Tram verse Sections. 

Examine a series of transverse sections through the body 
of Hydra, To prepare these kill the animal in the expanded 
condition by suddenly irrigating it with osmic acid; wash 
it well in distilled water ; transfer to alcohol; stain with 
picrocarminCf and then imbed in paraffin and cut with 
a microtome. 

1. The ectoderm. 

a. The large ectoderm cells are well seen in such 

sections ; their muscular tails, which are mainly 
longitudinal in direction, are cut transversely, 
and appear as a row of highly refractive dots 
on the outer surface of the supporting lamella. 

At the basal end or foot of the Hydra the 
ectoderm cells are more columnar in shape, 
contain longitudinal rows of granules, and are 
probably glandular. 

On the outer surface of the ectoderm cells 
there is a thin cuticular layer, more obvious in 
the brown than in the green Hydra. 

b. The interstitial cells are well seen in sections 

through the body or tentacles, but are absent in 
the foot. 

c. The nematocysts are very abundant in the tentacles, 

less numerous in the body, and absent in the foot. 
In specimens killed with osmic acid, few, if any 
of them will be discharged. 

2. The supporting^ lamella is seen in transverse sections as 

a very thin transparent layer, between the ectoderm 
and endoderm. 

8. The endoderm cells vary greatly in shape in different 
parts of the body and at different times. Daring 
life they are amoeboid, and may extend so far inwards 
as to almost obliterate the cavity of the animal. 
They contain vacuoles, which are often so large 
that the cell- substance is reduced to a thin peripheral 
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lamella. The nucleus is usually nearer the outer or 
basal end, and is flattened in shape. The flagella 
can very seldom be seen in sections. 

In the foot the endoderm cells are much smaller 
than in the body, and form a row of short columnar 
or almost cubical cells containing granular concre- 
tions. 
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Chapter m. 

THE LIVER-FLUKE OF THE SHEEP. 

Fasciola {Distomum) hepatica. 

The adult liver-fluke is a flat unsegmented worm, about an 
inch and a half long, living in the bile-ducts of certain 
domestic animals, notably in those of the sheep, in which it 
gives rise to the destructive disease known as liver-rot. It 
may occur in man. 

The animal is hermaphrodite, and its eggs, which have 
thick chitinous shells, are deposited in enormous numbers 
in the bile-ducts of the sheep or other host, from which 
they pass into the alimentary canal, ultimately escaping 
with the fsBces. From these eggs, if deposited in damp 
places or in water, embryos are produced which lead a free 
existence for a short time, but very soon become parasitic 
within water-snails. Two or more asexually produced 
generations now succeed ; and the last of these, leaving the 
water, encyst on grass. These encysted forms are swallowed 
with the grass by sheep, and passing into their bile-ducts 
become the adult sexually mature flukes. 

This alternation of sexual and asexual generations, living 
parasitically within different hosts, is a very characteristic 
feature in the life history of the typical parasitic worms. 

I. THE MATURE LIVER-FLUKE. 

Slit open the bile-dticts in the liver of an infected sheepf 
and transfer the living flukes to a dish of salt-solution {'76 
per cent,) to clean them, 

§ 1. Inject the excretory system of one fluke, and the 
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aUmentary canal of another, toith a thin injection such a^s 
finely-powdered carmine, or freshly-precipitated Prussian 
blue, suspended in water. To do this make a very small 
incision with a sharp-pointed knife near the hinder end of 
the animal — in the middle line for the excretory system, and 
about 1 mm. from it for the alimentary canal. Inject the 
coloured fluid into the opening by means of a very fine glass 
cannula with an indiarubber cap. Place the animals, still 
aiive, between glass slips, and tie the slips together toith 
cotton, so as to slightly flatten the animals. Put the slips 
with the animals between them into alcohol (90 per cent.) for 
twelve hours or more, when the animals may be dehydrated, 
cleared, and mounted in balsam. 

§ 2. Squeeze a third specimen somewhat more tightly 
betweeji two slips, and leave it in alcohol (90 per cent.) 
for twenty -four hours. Stain it faintly with weak borax- 
carmine, and mount it in the ordinary way, 

A. External Characters. 

1. In form the animal is flat and oval, with a blunt tri- 

angular projection from its broad anterior end. 
Its length is about an inch and a half, its breadth 
about half an inch. 

2. The mouth is an oval aperture at the anterior end, in 

the middle of the cup-shaped anterior sucker. 
8. The ventral sucker is a muscular cup in the mid-ventral 
line, near the junction of the triangular anterior por- 
tion with the broader part of the body. 

4. The genital aperture, through which the penis may be 

protruded, is on the ventral surface between the two 
suckers, and slightly nearer the posterior one. 

5. The cuticle is a thin layer covering the whole animal. 

Its sur£eu;e is covered with minute backwardly-directed 
spines, which are best seen in a specimen kept in 
spirit, and dried at the moment of examination. 

B. The Alimentary Canal. 

1. The pharynx is an oval muscular mass immediately 
behind the mouth. 
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2. The CDSophagus is a very short straight thin-walled tube 
behind the pharynx. 

8. The intestine, into which the oesophagus opens just in 
front of the genital aperture, divides immediately 
into a right and a left limb, each of which runs 
to the hinder end of the body, giving off numerous 
small CflBca on its inner side, and many large 
branched ones on its outer side ; the whole intestine 
forming a series of caBcal tubes ramifying all over 
the body without anastomoses. 

C. The Excretory System. 

This is almost if not quite invisible except in injected 
specimens. It consists of a network of small much-branched 
ducts, which commence with ciHated funnel-Hke mouths 
opening into the lacunar spaces representing the body-cavity. 
These small ducts freely anastomose with one another, and 
open into larger transverse ducts, which in turn open into 
the main duct. 

The main duct is a median tube of considerable size, 
formed by the union of four anterior ducts, a dorsal and a 
ventral on each side, at about a quarter of the animal's length 
from the anterior end : from this point the main duct runs 
directly backwards to open to the exterior by a terminal 
median pore. 

D. The Beproductive System. 

This is complicated, as in most hermaphrodite animals. 

1. The male organs. 

a. The testes are much branched, and lie in the 

middle part of the body, extending over about 
half its length and half its width. The two 
testes are about equal in extent, one lying behind 
the other. 

b. The vasa deferentia are two in number, one arising 

near the middle of each testis. They run for- 
wards as fax as the ventral sucker, where they 
open into the vesicula seminalis. 
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0. The vencola seminalis ia an elongated sac lying 
above, and somewhat in firont of, the ventral 
sucker. 

d. The dBCtu ^aoolatoriiu is a fine tabe running 



Fia. 14.— FmoIoU bapatieB. Beproduotive organs, from the ventnl 
BQrlace ; x 6. (After Sommer.) 
CBr cLinu-fiM:. D< dactdg tJHfal&torlti 
O, Orary. OD. ovmrlan ducL P. penl 

tcitli. tf, ut«nu. VA. TM defereni from > . _, 

from Hsierioi Mgtis. VB, tmIciUi KtnlutlK T, yolk^lNid. TD. d 
of Toli-glud. 
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from the 'vesicula seminalis to the end of the 
penis. When the penis is withdrawn this duot 
is thrown into convolutions. 

e. The penis is a large muscular organ which lies, 

when withdrawn, within the cirrus-sac, a space 
in £ront of the ventral sucker. It can be pro- 
truded by evagination, and the ejaculatory duct 
then lies within it. 

f . The cirruft-sac is situated between the ventral sucker 

and the genital aperture. The penis lies in it 
when withdrawn, as do also the vesicula seminalis 
and a small accessory gland which surrounds the 
ejaculatory duct. 

2. The female organs. 

a. The ovary is branched and tubular : it lies on the 

right side in front of the anterior testis, and its 
branches unite to form the narrow ovarian duct 

b. The yolk-glands are very numerous small rounded 

masses, scattered along two areas extending 
along the sides of the body from end to end, and 
each nearly one quarter of the width of the whole 
worm. 

c. The vitellarian ducts, or ducts of the yolk-glands, 

unite to form an anterior and a posterior duct on 
each side. These unite about the junction of the 
anterior and middle thirds of the animal, forming 
a transverse duct, which runs inwards to open 
into the median yolk-reservoir: from this a 
single median vitellarian duct runs a short dis- 
tance forwards and unites with the ovarian duct 
to form the oviduct. 

Close to the junction is the opening of a short 
duct, the ' vagina ' or * canal of Laurer,' which is 
said to open to the exterior on the dorsal sur&ce. 

d. The shell-gland is a median glandular mass sur- 

rounding the junction of the ovarian and median 
vitellarian ducts. 
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e. The oviduct, or ' uterus/ formed by the union of 

the ovarian and vitellarian ducts in the midst of 
the shell-gland, is a wide much-convoluted tube 
lying between the shell-gland and the genital 
aperture. Its convolutions extend half-way across 
the animal, and numerous eggs can be seen 
within it. 

f. The aperture of the oviduct is at the base of the 

penis, and on its left side. When the penis is 
fully withdrawn a slight cavity, the ' genital 
sinus,' is formed, into the left side of which the 
oviduct then opens. 

E. The Nervous System. 

This cannot be made out with certainty in specimens 
prepared as above. It can be seen in a specimen rendered 
transparent by caustic potash, though such preparations are 
very perishable. It may also be made out in sections. 

It consists of a nerve-collar around the pharynx, with two 
lateral ganglia and a median ventral one. From these arise 
nerves, of which two large lateral ones are the chief. These 
two run backwards, one on each side of the body (fig. 18.) 

II. LITE-HISTORY OF THE LIVER-FLUKE. 

The development of the liver-fluke can only be studied 
under special conditions. 

By removing eggs from the bile-ducts of an infected sheep 
and hatching them in an aquarium, the free-swinmiing 
embryos can be readily obtained. Sporocysts and redisB may 
be obtained from specimens of Limncda truticatula, kept in 
the same aquarium. 

The main features in the life-history are as follows. 

A. The First feneration is produced sexually but is itself 

asexual. 

1. The eggs, laid in large numbers in the bile-ducts of the 

sheep or other infected mammal, pass with the bile 

into the intestine, and so escape from the body. 
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They are ovoid bodies, *18 mm. long and '08 mm. 
broad, enclosed in smooth brownish chitinous shells. 
Within each shell are a single germ-cell and a large 
number of yolk-cells. The germ-cell segments 
before the egg is laid, but no forther development 
occurs till after its escape from the body of the 
host. Afterwards an embryo is formed, and a cir- 
cular operculum at one end of the shell opens to 
allow it to escape. 
2. The tree embryo is conical, with a short papilla at its 
broad anterior end ; the whole surface is covered 
with long cilia, enabling the embryo to swim rapidly. 
Two eye-spots are present, and two ciliated fannels, 
probably excretory. The ectoderm is a single layer 
of flattened cells, usually arranged in five transverse 
bands, within which is a mass of granular cells. 
When this embryo meets with LimncBa truncatula, 
a small freshwater snail, the head-papilla becomes 
elongated and by means of it the embryo bores its 
way into the snail. The free life of the embryo is 
usually of about eight hours' duration. 
8. Development of the sporocyst. Within the snail, usually 
in its pulmonary chamber, the ectoderm cells of the 
embryo swell and lose their cilia ; the embryo grows 
rapidly, and in two or three weeks becomes an elon- 
gated sac, '6 mm. long. This sac, the sporocyst, 
has an outer structureless cuticle, a thin muscular 
layer, and an epithelial layer Hning the cavity. 

The eye-spots, though losing their form, persist ; 
and ciliated excretory fannels are present. Such 
sporocysts sometimes, though rarely, multiply by 
transverse fission in the early stages of their develop- 
ment. 
B. The Second Oeneration consists of rediss, which are pro- 
duced asexually within the sporocyst, and are themselves 
asexual. 
1. From the epithelium of the sporocyst, cells are budded off, 
which segment to form solid masses or morulsB lying 

D 
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in the cavity of the sporooyst. Each of these be- 
comes flattened on one side, and then invaginated 
to form a gastmla : this increases in size, elongates, 
and develops into a redia. The redi» so formed 
force their way out of the sporocyst and become 
free : the womid in the sporocyst heals, and other 
redite are formed in the same way within it. 
2. The free rediss wander about in the snail, increasing in 
size and being especially abundant in the liver. The 
adult redia (fig. 18) is a cylindrical body about 1*5 
mm. long, with a collar-like ridge running round it 
near the anterior end, and with a pair of blunt pro- 
cesses projecting from the hinder part of the ventral 
surface, which aid in locomotion. The body-wall 
resembles that of the sporocyst in structure, but is 
more muscular, and has definite excretory canals 
which conmience as funnels with * flame-shaped ' cilia. 
The alimentary tract is a comparatively short 
blind sac, with walls one cell thick: the mouth is 
at the anterior end, and behind it the wall of the sac 
is thickened to form a strong muscular pharynx. 

From the inner surface of the body- wall of the 
redia, cells are budded off which develop into gastrulaa 



FiOB. 15 to 19.— 7atoiola hepatioa. Five stages in the life-history. 

(After Thomas.) 
Fig. 15.— The free-swimming embryo. 
Fio. 16.— A sporocyst, containing developing rediae. 
Fio. 17. — A young redia. The shaded area represents the digestive sac. 
Fio. 18. — An adult redia, containing one daughter-redia, two cercariflB 

approaching maturity, and germs in various stages. The shaded 

area represents the digestive sac. 
Fio. 19.— a free cercaria. 

The following letters have the same signification in the fiye flgnres :— C, 
nearly ripe cercarije. CC> cystogenous cells of cercaria. DH, daughter-redia. 
I>T, limbe of the digestive tract. F, head-papilla. H, eye-epota. H'. the 
same degenerating. JL\ germinal cell. Ij, epaulet-like cells of flr^t row of 
ectoderm cells. M« embryo in optical section ; gasttrula stage. N, pbaryui 
of redia. O, digestive sac. OB, oesophagus of cercaria. jP, lips of redia, 
Q, collar of redia. H, processes of redia serving as rudimentary feet. S> 
embryos between the morula and gastrula stages. T, trabeculie crossing body- 
cavity of re<lia. U> cells in redia supposed to be glandular. V, birth-opening, 
by which cercarin and daughter-redise escape from the redia. W, morula, 
still retained in the body-wall. W, larger morula. T, oral sucker of corcaria. 
7', ventral sucker. Z, pharynx of cercaria. 
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as in the sporocyst : of these some become redisB lik& 
the parent, while others develop into oeroaxisB. 

G. The Third Form is a cercaxia (fig. 19). These are not 
necessarily the third generation, for several generations of 
redisB may intervene between them and the sporocyst. 

1. Within the parent-redia the embryo develops a long tail 

near its hinder end, an anterior sucker round the 
mouth, and a posterior sucker on the ventral surfiace. 
Its alimentary tract, which is at first solid, becomes 
bifurcated to form the two limbs of the intestine, the 
portion in front of the bifurcation forming a pharynx 
and a short oesophagus. A single redia may contain 
about twenty such cercarise at one time. . 

2. The ripe cercarias, which measure nearly 1 mm. in 

length, including the tail, escape from the redia by 
an aperture just behind the collar. At first they are 
very active, and work their way out of the snail : as 
this snail, Limruza truncatula, is amphibious, they 
may be set free either in water or on damp grass. In 
either case they shortly lose their tails, and encyst 
on grass or some other plant. 
8. In the encysted condition the cercarise are swallowed 
by sheep with the grass. They then again become 
active, escaping from their cysts, and working their 
way along the bile-ducts to the liver, where they 
grow rapidly, and develop in about six weeks into 
sexually mature flukes. 
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Chapter IV. 

THE LEECH. Hirudo medicinalis. 

The leech is an elongated flattened worm, from three to five 
inches in length, and provided with a muscular sucker at 
each end. The body is marked externally by a series of trans- 
Terse constrictions dividing it into rings or annuU ; and is 
capable of considerable elongation and contraction. 

Leeches occur in freshwater pools and marshes in this 
country, but far more abundantly on the Continent. They 
either swim freely by vertical undulations of the body, or 
progress in a looping manner, attaching themselves alternately 
by the aiiterior and posterior suckers. They Uve on the blood 
of higher animals ; and they lay their eggs in cocoons, which 
are buried in holes in the banks of the ponds they inhabit. 

Leeches are ' segmented animals,' i,e, several of the organs 
are repeated, usually in pairs, at regular intervals along part or 
the whole of the length of the body. The segments or somites, 
as indicated by the internal organs, are much less numerous 
than the annuli, five of these latter corresponding to each so- 
mite, except at the ends of the body. 

This segmental arrangement affects markedly the nervous, 
excretory, and reproductive systems, and to a less degree the 
circulatory and digestive organs. It appears to result from 
a definite arrangement of parts which, in the ancestors of 
leeches, were scattered irregularly through the body much 
as in Fasciola. 

Leeches intended for dissection should be killed with 
chloroform. 
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I. EXTERNAL CHARACTERS. 



1. The shape varies greatly with the degree of elongation 

or contraction. The hody is widest a little way 
behind the middle of its length, and is oval in trans- 
verse section, the dorsal surface being more convex 
than the ventral. 

2. The annuli, or rings, into which the body is divided by a 

series of transverse grooves, are about ninety-five in 
number, and occur throughout the whole length of 
the body except its extreme ends. They bear small 
papillsB which are more obvious when the body is in 
the contracted condition. 

8. The colour varies greatly in different individuals. The 
dorsal surfEuse is darker than the ventral, and ia 
usually marked by three pale longitudinal stripes on 
each side, the middle and outer of which are inter* 
rupted by dark dots. These dots are markedly larger, 
especially in the middle stripe, at every fifth annulus^ 
the annulus so marked being the hindmost of a 
somite. The most anterior of the five annuli making 
up a somite bears a transverse ring of small white 
dots. Towards the two ends of the body the somitea 
are shorter and contain fewer annuli. 

4. The suckers. 

a. The anterior sucker is oval, with the longer axia 

longitudinal. It is placed on the ventral sur- 
face of the anterior end, and is cupped in the 
centre to form the buccal cavity. It may be 
regarded as formed by the fusion of the prosto- 
mium, a part in front of the mouth, with the first 
two annuli of the first somite. 

The prostomial portion is very commonly 
folded down over the mouth as a kind of lip. 

b. The posterior sucker is circular, and larger than the 

anterior one. It is separated from the body by a 
slight constriction and is imperforate. 
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5. External openings. 

a. The month is a fannel-like depression in the anterior 

sncker, at the bottom of which are the three 
jaws. 

b. The anns is a yery small aperture on the dorsal 

surface in, or just in front of, the constriction 
separating the posterior sucker from the body. 

c. The genital apertures. The leech is hermaphrodite : 

the male and female apertures are separate, and 
are both on the ventral surfeuse in the median line. 

i. The male aperture is a small hole with tumid 
lips at the hinder border of the twenty-fourth 
annulus, i,e. in the second annulus of the 
sixth somite. From it the muscular penis is 
often seen protruding. 

ii. The female aperture is less conspicuous than 
the male, and is placed one somite further 
back, i.e. at the hinder border of the twenty- 
ninth annulus, the second annulus of the 
seventh somite. 

d. The apertures of the nephridia, or excretory organs, 

are minute paired openings on the ventral surfa.ce 
of the body, in the hindmost annulus of each 
somite from the second to the eighteenth in- 
clusive. 

Hold the leech in your hand with the ventral surface up- 
wards. Dry it with a cloth, and then gently squeeze it : 
minute drops of fluid will exude from the nephridial apertures, 
which are thus rendered clearly visible, 

n. DISSECTION OF THE LEECH. 

Stretch the leech slightly with the fingers and fix it under 
water with the dorsal surface upwards, putting the pins 
through the sides of the suckers so as to avoid injury to the 
nerve^anglia. 

Make a longitudinal incision through the skin a little to 
one side of the middle line, taking care not to damage the 
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ulimentary cancU, which lies close beneath the skin. Carefully 
dissect off the integument from the alimentary canal along the 
whole length of the animal, and pin out the flaps right and 
left. Wa^sh thoroughly under the tap. Note at once the 
dorsal blood-sin/us, which runs along the dorsal wall of the 
<iLimentary canal. ' 

A. The Digestive System. 

The alimentarj canal of the leech runs straight from 
month to anus. Along the greater part of its length it is a 
^de tube, whose capacity is much increased by paired lateral 
diverticula, and is further capable of great distension. 

A leech can draw as much as three times its own weight 
of blood, a great part of which is often spontaneously dis- 
charged. The digestion of a full meal may take as long as 
nine months in an adult animal. 

Dissect clean the dorsal wall of the alimentary canal 
-along its whole length, taking care not to damage the supra- 
<Bsophageal ganglia. If the canal is empty its walls are white 
and readily distinguished ; if full, it appea/rs red from the 
contained blood, and is less easy to dissect. Wash frequently 
under the tap during the dissection. 

1. The mouth is a conical depression in the anterior sucker, 
at the bottom of which are the jaws. These are three 
laterally compressed muscular cushions arranged in 

Fxo. 20. — Himdo medioixudis, seen from the ventral surface. (After A. 
G. Bourne.) 

The numbers 1 to 23 iudicate the somites ; the numbers I. to Y. the five 
annoli of the twelfth somite. 

A» anterior sucker, with the mouth. B, posterior sucker. Q, male aper- 
ture. H, female aperture. If • nephridial apertures. 

Pio. 21. — Himdo medicinalis. A diagrammatic figure of the renal, ner- 
vous, and reproductive systems. The animal has been opened along 
the mid-dorsal line, pinned out, and the alimentary canal removed. 
(After A. G. Bourne.) 

The somites are numbered 1 to 23, and their boundaries are indicated by 
the dotted lines. 

CG, supra-cesophageal ganglion. XSP, left epididymis. G 1, the first 
of the twenty-three post-oral ganglia. GIj, glandular enlargement of the 
OTidncts. Xi, lateral vessel. Xi A, latero-ventral branch of lateral vessel. IiD, 
latero-dorsal branch. Xili, latero-lateral branch. If 1. the first of the seven- 
teen nephridia of the left side. 0> nerve-collar. OV, ovisac containing 
the left ovary. PS, penis. T 4, the third testis of the left side. VD, vas 
deferens. 
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a triradiate manner, one being dorsal and anterior^ 
and the other two ventro-lateral : each cushion i» 
covered by a thin ohitinous cuticle, which is thick- 
ened along the free edge of the jaw, and notched 
into the sharp teeth by which the bite of the leech 
is produced. The mouth leads, by a very small 
aperture, into the pharynx. 

Snip away the margin of the anterior sucker so as to 
expose the jaws. Examine them from the ventral surface 
with a pocket lens : remove one of them and examine it with 
a low power of the microscope to see the teeth. 

2. The pharynx is an oval sac with very muscular walls. 
It is connected with the body- wall by strong radial 
muscles, which give it a villous appearance, and by 
their contraction dilate its cavity and produce a 
sucking action. 

8. The salivary glands are very large granular pyriform 
cells surrounding the pharynx. Each cell is a 
gland in itself, and is produced into a long stalk 
or ductule opening on the side of one of the jaws. 
The secretion has the power of preventing coagula- 
tion of the blood, and so facilitates very greatly the 
act of suction. 

Remove part of the wall of the pharynx^ and tease it on a 
slide in salt solution. The large pyriform gland-cells^ with 
their long ductules ^ will be readily seen with a low power, 

4. The OBSophagus is a short narrow tube leading from the 

pharynx to the crop. 

5. The crop is by far the largest part of the alimentary 

tract. It is a straight thin-walled tube lying in the 
somites from the fourth to the fourteenth, and giving 
off eleven pairs of lateral diverticula corresponding 
to these somites. 

Of these diverticula the anterior two or three 
pairs are small ; the remainder increase gradually in 
size from before backwards ; and the hindmost pair 
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are mnch larger than any of the others, extending 
backwards through several somites, and lying along- 
side the intestine. 

The crop and its diverticula have their walla 
thrown into very numerous folds, projecting in- 
ternally. 

SUt up the crop along the mid-dorsal line, wash out its 
contents thoroughly, and pass a seeker into the several diver- 
ticula on one side, slitting them open along their whole length. 

6. The stomach is a small spherical slightly bilobed dilata- 

tion immediately behind the crop, lying between the 
basal portions of the backwardly directed last pair of 
diverticula, and opening behind into the intestine. 

It is probable that absorption of the food takes 
place entirely in the stomach, and its small size will 
explain the very slow rate at which this absorption 
is effected. 

7. The intestine is a narrow straight tube running from the 

stomach to the anus. Its inner wall projects as a 

spiral fold into the cavity. 
Slit open the intestine with scissors along the mid-dorsal 
line ; wash it thoroughly, and note the spiral folding of its 
wall. 

B. The Coalom and the Blood-vesselfl. 

In the leech there is no obvious body-cavity, the space 
between the integument and the alimentary canal being filled 
up by muscle, connective tissue, and other structures. 

A complicated system of tubular channels runs through all 
parts of the body, and is filled with a red fluid, the blood, 
which contains numerous colourless corpuscles. The principal 
channels are of two kinds, some having muscular, others 
non-muscular walls. The former are to be regarded as the 
true blood-yesselfl, and the latter, which may be spoken of as 
nnnies, as parts of the body-cavity or coelom, which was 
originally more extensive, but has become reduced to a 
Bystem of canals which have acquired secondary communica- 
tions with the blood-vessels. 
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The arrangement and relations of these vessels and sinuses 
are best determined by the microscopical examination of 
sections, and will be described later on : the broad features, 
most of which can be made out without difficulty by dissec- 
tion, are as follows. 

1. The Sinuses, or parts of the coelom. 

a. The dorsal sinus is a longitudinal tube running 

along the dorsal surfeuse of the whole length of 
the alimentary canal. It communicates posteriorly 
with the ventral sinus by fine vessels which pass 
between the intestine and the terminal diverticula 
of the crop. It has already been seen. 

Dissect away the alimentary tract completely, from the 
<BSophagijLS backwards, taking great care not to damage the 
underlying organs. The further dissection is greatly facili- 
tated by putting the leech into strong spirit for ten minutes 
or so, 

b. The ventral sinus is a median tube running along 

the body beneath the alimentary canal. Within 
it the ventral nerve-chain lies. It communi- 
cates with a series of peri-nephrostomial sinuses, 
lying on the dorsal surfaces of the testes ; and 
also with the capillary system on the walls of the 
crop. 

2. The Blood-vesselfl. 

a. The lateral blood-vessels are a pair of longitudinal 

vessels ruxming in a sinuous course along the 
sides of the body. They are connected together 
by transverse vessels which pass across beneath 
the ventral sinus. They send branches to the 
intestine, the nephridia, and the reproductive 
organs. 

b. The cutaneous plexuses are very abundant, and 

connect the sinuses and blood-vessels in various 
places, putting them in free communication with 
one another. Their microscopical characters will 
be described later on. 
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C. The Excretory System. 

The excretory organs of the leech consist of a series of 
seventeen pairs of nephridia or segmental organs, lying in 
the somites from the second to the eighteenth inclusive. They 
lie at the sides of and below the alimentary canal, and open 
to the exterior by paired apertures on the ventral surface. 

1. Structure of a nephridium (figs. 21 and 22). 

Each nephridium is a cellular rod, thicker in the 
middle than at the ends, and bent on itself so as 
to form a loop, the two limbs of which are anterior 
and posterior respectively. The looped portion lies 
at the side of the alimentary canal, extending up 
into the dorsal part of the body : the ends lie in the 
ventral region, that of the anterior limb being in 
most cases prolonged inwards almost to the median 
plane, and that of the posterior limb being rolled up 
on itself. From the anterior limb a duct runs back 
to a vesicle with muscular walls, which opens to the 
exterior on the ventral surface. 

The cellular rod is traversed by a complicated 
system of ducts, which perforate the individual cells, 
and receive minute ductules ramifying in the sub- 
stance of the cells. 

The whole nephridium is invested by a pigmented 
connective-tissue capsule, and receives a very abun- 
dant supply of blood from branches of the lateral 
vessels, the efferent stream passing inwards through 
the peri-nephrostomial sinus to the ventral sinus. 

Dissect carefully one of the nephridia about the middle of 
the body, noting its several parts, and their relations to one 
another and to other organs. 

Bemove another nephridium from the body, and dissect it 
on a slide in water : examine it with low and high powers of 
the microscope. 

Snip off with fine scissors the dorsal half of one of the 
testes, with the testis-lobe of the nephridium : mount it on a 
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sUde in a drop of water, and examine with low and high 
powers. 

The entire nephridium consists of the following 
parts. 

a. The testis-lobe forms the ventral half of the anterior 

limb of the loop. It is a cylindrical rod. the 
inner end of which lies in the peri-nephrostomial 
sinus on the dorsal surface of the testis. This 
end is slightly enlarged, and has a cauliflower- 
like appearance, the cells covering it being spongy 
and ciliated, and often depressed at their ends. 

This inner end of the testis-lobe probably 
corresponds to the funnel-Uke opening of the 
nephridium into the body-cavity in the earth- 
worm. 

b. The main lobe is the thickest part of the rod : it is 

continuous with the outer end of the testis-lobe, 
and forms the anterior limb, the bend, and half 
of the posterior limb of the loop. 

c. The apical lobe is separated by a slight constriction 

from the posterior limb of the main lobe. It runs 
downwards and inwards, diminishing slightly in 
thickness, and ends in a coiled-up extremity, the 
apex of which is closely attached to the junction 
of the testis-lobe and the main lobe. 

d. The vesicle-duct is a short narrow tube arising 

from the anterior limb of the main lobe at its 
junction with the testis-lobe, and running back- 
wards beneath the apical lobe to the vesicle. 
6. The vesicle is a somewhat flattened sac with 
muscular walls: it lies behind the rest of the 
nephridium, and opens to the exterior by a short 
duct, the opening being on the ventral surface of 
the body and in the hindmost annulus of the 
somite in which the nephridium lies. 

2. Microscopic structure of a nephridium (fig. 22). 
Bemove a nephridium from a freshly-killed specimen; 
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pUice it on a slide in a drop of 0*75 per cent, salt solution, 
and spread it out with needles so as to show the mutual rela- 
tions of its several parts. 

Remove another nephridium in the same way, and tease it 
slightly. 

Cover the specimens and examine with low and high 
powers. 

a. The testis-lobe consists of a spongy mass of cells, 

traversed in an irregular manner by ductules. 

b. The main lobe consists of large granular cells, 

traversed in a very complicated manner by fine 
branching ductules which pass across from cell 
to cell, and are lined by a cuticular layer. 

c. The apical lobe consists of cells traversed by much 

larger ductules, most of the cells being merely 
hollow cylinders placed end to end to form tubes. 

d. The main duct of the gland is also formed of cylin- 

drical cells placed end to end, the passage being 
intracellular. It conmiences at the apex of the 
apical lobe, passes back along this lobe and along 
the posterior and anterior limbs of the main 
lobe, enters the apical lobe again, and goes right 
round the loop a second time, and then passes 
as the vesicle-duct to the vesicle. 

e. The vesicle, which is extremely dilatable, possesses 

a muscular coat, and is Uned by a ciliated epithe- 
lium, as is also the short passage leading from it 
to the exterior. 

f. The blood-vessels form a very fine capillary plexus 

lying between the individual cells of the nephri- 
dium. 

8. Special characters of the nephridia. 

a. The nephridia in the second to the seventh somites, 
in which there are no testes, have the testis-lobe 
short or absent, and devoid of the caulifiower- 
like end. These anterior nephridia are smaller 
than the succeeding ones. 



48 THE LEECH 

b. From the eighth to the sixteenth somites, i,e. those 

in which the testes are situated, the nephridia 
have the characters detailed above. 

c. The two hindmost pairs of nephridia, in the seven- 

teenth and eighteenth somites respectively, have 
well-developed testis-lobes, with cauliflower heads 
lying in peri-nephrostomial sinuses. 

D. The Beproductiye System. 

Leeches are hermaphrodite, but do not impregnate their 
own ova. 

1. The male organs. 

a. The testes are nine pairs of spherical sacs lying 

in the somites from the eighth to the sixteenth 
inclusive. They are situated in the ventral region 
of the body at the sides of the ventral sinus. 
Each pair lies mainly in the second, but partly 
in the first annulus of the somite in which it 
occurs. 

The segmental repetition of the testes is note- 
worthy. Sometimes a tenth and even an eleventh 
pair of testes may be present. 

Remove one of the testes^ and tease it on a slide in salt 
solution. Covert and examine vnth low and high powers. 

Spermatozoa in various stages of development 
will be seen. 

b. The yasa efEerentia are a series of short sinuous 

ducts which run outwards from the testes, and 
open into the vasa deferentia. 

c. The yasa deferentia are a pair of longitudinal Jubes 

which run forwards in a sinuous course along 
the ventral body- wall, about midway between the 
testes and the vesicles of the nephridia. 

In front of the first pair of testes they continue 
their course through the seventh somite, and in 
the sixth enter the vesiculsB seminales. 
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d. The epididjrmes are a pair of convoluted tubular. 

bodies with thick white walls, lying in the sixth 
somite. They secrete a substance by which the 
spermatozoa are aggregated into spermatophores. 
From the inner side of each a short duct leads 
to the base of the penis, the duct of the right side 
passing under the nerve-chain. 

e. The penis is a pyriform body lying in the sixth 

somite. It is wide at its base, narrow and tubular 
in its distal part, and can be protruded some dis- 
tance through the male genital aperture in the 
second annulus of this somite. 

2. The female organs lie entirely in the seventh somite. 

a. The ovaries are a pair of minute filamentous bodies 

enclosed in small spherical ovisacs, and lying 
close to the mid-ventral line. 

b. The oviducts are a pair of slender tubes leading 

from the sacs of the ovaries, which unite to form 
a much convoluted duct surrounded by uni- 
cellular gland cells, and opening into the vagina. 
The right oviduct passes under the nerve-chain. 

c. The vagina is a thick-walled muscular tube, opening 

to the exterior at the female genital pore in the 
second annulus of the seventh somite. 

E. The Hervous System. 

The nervous system consists of a pair of supra-oesophageal 
ganglia, a nerve collar, and a double ganglionated cord ex- 
tending the whole length of the ventral surface. From the 
ganglia nerves run outwards to the various parts of the body. 

1. The supra-OBSophageal ganglia are a pair of closely 

apposed bodies in the dorsal wall of the anterior 
end of the pharynx, immediately behind the jaws. 
They supply the jaws, the eyes, and other parts of 
the anterior end of the body. 

2. The nerve collar is very small, and closely surrounds 

the anterior end of the pharynx. 

E 
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8. The ventral nerve-chain lies in the ventral sinus, which 
mnst be slit open to expose it. It consists of two 
halves very closely apposed in the median plane. 
There are twenty-three pairs of ganglia, lying in 
the first annuli of their respective somites. The 
successive pairs of ganglia are much closer together 
at the two ends of the body than they are along the 
middle portion of its length. 

The first pair, or sub-OBSophageal gfanglia, are 
much the largest, and give off five pairs of nerves. 

The last, or twenty-third pair, are also large, and 
give several branches to the posterior sucker. 

From each of the other pairs of ganglia two pairs 
of nerves are given off, supplying the corresponding 
somite. 

F. Sense Organs. 

1. Eyes. The leech has ten eyes, which are visible to the 
naked eye as minute black dots, arranged round the 
edge of the anterior sucker. Each consists of a 
pigmented cup, filled with rod-like bodies, and 
receiving a nerve at its base. The eyes differ very 
little from smaller cup-like tactile bodies found dis- 
tributed over the anterior part of the body. 

Their structure can only be made out by exa- 
mination of microscopical sections. 

III. EXAMINATION OF TRANSVERSE SECTIONS. 

Many points in the anatomy of the leech can only be 
determined by examination of microscopical preparations ; 
and for this purpose transverse sections of the body are the 
most instructive. Of these half a dozen or more should be 
examined, as the appearances will necessarily differ according 
to the particular organs and parts through which the section 
happens to pass. 

The following description is a general one, and will apply 
to any section through the middle half of the body. 
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A. Shape. 

A transverse section of the body of a leeoh is oval in out- 
line, the transverse diameter being the greater, and the ventral 
surfEM^ being flatter than the dorsal. 

B. The Integument 

1. The cuticle. The most superficial layer is a thin struc- 

tureless elastic cuticle, which is secreted by the under- 
lying epidermis, and is shed and renewed at frequent 
intervals during life. 

2. The epidermis consists of a single layer of colunmar 

nucleated cells, wider at their buter than at their 
• inner ends. 

a. The epidermal glands. Certain of the epidermal 
cells are modified to form unicellular glands. 
These may remain in the epidermal layer as 
mucous glands ; or they may sink down into the 
muscular layers, as in the case of the salivary 
glands, and of the clitellar glands of the fifth to 
the seventh somites, which latter secrete the 
cocoon in which the eggs are laid. 

In all cases each cell is a complete gland in 
itself, and preserves its communication with the 
surface by means of a long tubular stalk. 

8. The dermis is a layer of some thickness lying between 
the epidermis and the muscular coats. It consists of 
a jelly-like matrix containing numerous branched 
corpuscles. It is traversed by pigmented fibres, 
which branch and anastomose very freely, and pene- 
trate between the epidermal cells : to these the colour 
of the skin is due. There are also in the dermis 
irregularly arranged muscle-fibres, chiefly transverse 
in direction, and a very abundant capillary plexus, 
the branches of which penetrate between the inner 
ends of the epidermal cells. It is by means of this 
cutaneous capillary system that respiration is efifected. 

B 2 
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C, The Muaoles. 

The muscles of the leech consist of long fasiform cells 
arranged either singly or in bundles. Each muscle-cell con- 
sists of an outer cortical layer which is striated longitudinally, 
and a central medullary portion composed of granular pro- 
toplasm and containing the nucleus. The cortical layer is 
sharply marked off from the medullary portion, so that in a 
transverse section of a muscle-cell it appears as a ring, radially 
striated, and surrounding a central finely granular mass. 

1. The outer or circular layer of muscles consists of fibres 

which encircle the body transversely. The layer 
itself is not much thicker than the epidermis, but 
the transverse muscles of the dermis should, per- 
haps, be grouped with it. 

2. The middle or oblique layer of muscles is more deeply 

placed, and is separated from the circular layer by a 
stratum of connective tissue. The fibres run obliquely 
round the body. 
8. The inner or longitudinal layer of muscles lies im- 
mediately within the oblique layer, and is by fax the 
thickest of the three layers. 

The fibres run longitudinally, and are therefore 
seen in transverse section. They are arranged in 
bundles, and have a very characteristic appearance, 
looking, for the reason noticed above, like rings of 
various sizes packed together in groups, and usually 

fio. 22.— Himdo medieinalis. A diagrammatic transverse section 
through the middle of the body. On the left side of the figure the 
whole of a nephridium is drawn in order to show its relations : the 
anterior surface of the section is towards the spectator, and the 
two limbs of the main lobe of the nephridium are slightly displaced, 
being represented as inner and outer, instead of anterior and pos- 
terior respectively, (a. h. m.) 

A, crop. AIj« apical lobe of nephridium. AM, anterior limb of main 
lobe of nephridium. B, right diverticulum of crop. O, left diverticulum of 
crop. OTT, cuticle. D, epidermis. DS, dorsal ainna. B, layer of circular 
and oblique muscles. F, longitudinal muscle-layer. Q-, cauliflower head of 
nephridium. I, vesicle of nephridium. E, external aperture of nephridium. 
Xi V , lateral vessel. N, nerve-cord. 0» testis with developing spermatoioa. 
P, vas deferens. PM^posterior limb of main lobe of nephridium. PS, peri- 
nephrostomial sinua. B, section of nephridium. S, intracellular ductules of 
nephridium. TL, testis lobe of nephridium. VS, ventral sinus. X, botry- 
oldikl tissue. V, dorso-ventral muscles. 
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more or less polygonal from mutual pressure. Each 
ring is really a transverse section of a single masde- 
cell. 
4. The dorso-yentral muscles are bundles of muscle-fibres 
crossing the body more or less obliquely from the 
dorsal to the ventral surface. They pass between 
the bundles of longitudinal muscles and through the 
obUque and circular layers, their ends spreading out 
just beneath the epidermis. 

D. The Alimentary Canal. 

A section across the middle portion of the body will cut the 
crop, of which the median portion and the lateral diverticula 
will in most sections appear separate from each other. 

The walls consist of an outer connective-tissue layer with 
a few muscular fibres, and an inner lining formed of a single 
layer of short columnar epithehal cells. The folds into which 
the inner surface is thrown involve the connective-tissue layer 
as well as the epithelium. 

E. The Blood-vessels and Sinuses. 

These two systems, corresponding to the vascular and 
ccelomic systems of higher animals, are in free communica- 
tion with each other. They are readily recognised in sections, 
owing to the deeply staining blood-clots with which they are 
filled. 

1. The dorsal and ventral sinuses he in the median plane, 

above and below the crop respectively. They have 
thin non-muscular walls, and the ventral one encloses 
the nerve-chain. 

2. The peri-nephrostomial sinuses are easily recognised 

in sections that pass through the testes, on the dorsal 
surfaces of which they lie. 

8. The lateral vessels are of large size, and have distinct 
muscular walls. 

4. The capillaries are very thin-walled tubes, the distribu- 
tion of which can be readily followed owing to the 
contained blood. The intercellular plexuses of the 
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epidermis and of the nephridia should be specially 
noticed. 

The capillaries are directly continuous in various 
parts of the body with brown pigmented fibres, 
similar to those of the dermis already described. 
5. The botryoidal tissue consists of a network of vessels, 
the channels of which are irregular in width and the 
walls formed of large granular pigmented cells 
which project as irregular rounded sweUings. 

These curiously swollen vessels occur in great 
abundance around the crop, immediately within the 
longitudinal muscle-layer. They are in free com- 
munication with the ordinary blood-capillaries. 

F. The Excretory Organs. 

The nephridia have already been fully described. The 
details of their structure, and more especially the intracellular 
network of ductules, and the intercellular capillary plexuses, 
can be very readily made out in transverse sections, and 
should be carefully studied. The structural differences in 
various parts of the organ should be noted, and particularly 
the head of the testis-lobe, which lies in the peri-nephrostomial 
sinus. 

a. The Seproductive Organs. 

1. The testes are seen, if the section happens to pass 

through them, as spherical sacs lying at the sides of 
the ventral sinus, and containing groups of sperma- 
tozoa in various stages of development. 

2. The vasa deferentia lie to the outer sides of the testes : 

each is a thick-walled tube, with a small central 
lumen. 

H. The Nervous System. 

The nerve-chain lies in the ventral sinus, and is readily 
recognised. Its double character is very obvious in transverse 
section, and if the section passes through a ganglion the large 
pyriform nerve-cells can be well seen. Between and below 
the two halves of the ventral chain lies a slender longitudinal 
nerve, the intermediary nerve. 
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Chapter V. 

THE EARTHWORM. Lumbricus terrestris. 

The earthworm lives in burrows in moist earth, through 
which it makes its way by alternate elongation and contri- 
tion of its body, aided by small stiff setaB projecting from its 
surface. 

It is a pinkish worm about six inches long, cylindrical in 
front, flattened posteriorly. Its food consists of organic 
matter derived chiefly from the soil, which it swallows in 
enormous quantities. The worm is hermaphrodite, and lays 
its eggs in a chitinous cocoon, which also contains packets of 
spermatozoa and an albuminous fluid. 

The body is marked by transverse grooves dividing it into 
annuli, of which there are about one hundred and fifty. This 
external annulation corresponds with an internal segmentation, 
the body-cavity being divided into chambers by transverse 
septa, which are placed opposite the external grooves. Nearly 
all the organs exhibit a corresponding segmental arrangement, 
there being one pair of nephridia and one pair of nerve-ganglia 
in each segment or somite throughout the greater part of the 
animal's length, and the blood-vessels, muscles, and setaa being 
also disposed segmentally. 

Several species of Lumbriciis occur in this country. These 
differ from one another in the position and arrangement of 
certain of the reproductive organs, and in other minor points. 
The following description, taken from the largest of the 
commoner species, will however apply with but sHght altera- 
tions to any of the others. 

The worm is most conveniently killed by dropping it into 
spirit for a few minutes before dissection. 
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I. EXTERNAL CHARACTERS. 

1. Form. The body is cylindrical along the greater part of 

its length, flattened in its hinder part. It is pointed in 
front, blunt behind, and is thickest about one-third 
of its length from the anterior end. 

2. The general colour of the animal is pinkish, darker in the 

dorsal and anterior part of the body, paler on the 
ventral surface and in the hinder part of the body ; 
and with a dark-coloured band down the middle 
of the back. The dorsal blood-vessel can be seen 
through the integument, appearing as a dark-coloured 
wavy line along the dorsal surface. 

3. The annuli into which the body is divided externally by 

transverse grooves, are larger and more obvious in 
front than behind. Each annulus corresponds to a 
segment, and is subdivided by smaller grooves, the 
number of which varies in dififerent regions of the 
body, and also on the dorsal and ventral surfaces. 

4. The clitellum, or cing^um, is the thickened integument 

of the dorsal and lateral surfaces of the thirty- second 
and five following segments, but varies slightly both 
in position and extent in dififerent specimens and at 
different times of the year. In other species of earth- 
worm it occupies other segments. 
6. The cuticle is a delicate chitinous membrane investing 
the whole body of the worm. It may usually be 
detected by its iridescence, and can be readily stripped 
off a worm which has been killed with chloroform, or 
one which has been macerated a few hours in water. 
Examined microscopically it shows a series of 
oblique lines, intersecting each other at right angles ; 
and minute highly refractive thickenings at many of 
the points where the lines intersect. 

6. The sets are short chitinous spines implanted in the 
body- wall, and arranged in two double rows along 
each side of the body, each segment except the first 
and last bearing four pairs. They may be felt on 
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drawing the worm through the fingers from tail to 
head. The setae are to be regarded as special loca- 
lised thickenings of the cuticle. 

The seta are ecLsily isolated by boiling a bit of a worm in 
a solution of caustic potash: they should then be washed and 
mounted in glycerinCf or dried and mounted in balsam. 

Each seta is sigmoidally curved : it is thickest at 
its middle, and tapers towards each end. 

7. External apertures. 

a. The mouth is a small crescentic aperture on the 

ventral surface of the first segment. It is over- 
hung by the prostomium or cephaUc lobe. 

b. The anus is an oval aperture at the hinder end of 

the body. 

c. The genital apertures are four pairs. 

i. The apertures of the vasa deferentia are situated 
on the ventral surface of the fifteenth segment, 
one on each side, slightly to the outer side of 
the inner double row of set«e. They have 
tumid hps. 

ii. The apertures of the oviducts are similarly 
situated in the fourteenth segment. They are 
minute transverse slits not seen so easily as 
the male apertures, their lips not being tumid. 

iii. The apertures of the spermathecse or receptaeula 
seminis, of which there are two pairs, are 
situated in the grooves between the segments 
and in the line of the outer row of setae, the 
first pair between segments ix. and x., the 
posterior pair between segments x. and xi. 

d. The excretory apertures are difficult to see. Each 

segment, except the first three and the last, has 
one on each side, on the ventral surface a little 
in front of the outer seta of the inner double row. 

To see tJiese apertures, strip off the cuticle from the 
anterior part of the icorm, and examine the worm with a 
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pocket lens, squeezing it slightly so as to catise the cahmic 
fluid to exude from the apertures. 

e. The dorsal pores, though small, are often visible to 
the naked eye. They open mid-dorsally in the 
grooves between the segments, and place the 
coelom in communication with the exterior. 

The first one is between segments x. and xi. 
and opens into segment xi. Behind this point they 
occur regularly in every intersegmental groove. 

II. DISSECTION OP THE EABTHWORM. 

Extend the animal under water with the dorsal surface 
upwards, fixing it down by two pins through the sides of the 
fourth segment and two near the hinder end. Cut through 
the body-wall from end to end, close to the mid-dorsal line. 
Oently raise the flaps with the forceps, and note the trans- 
verse septa dividing the body -cavity into segments. Carefully 
cut through these septa close to the body-wall, and pin out the 
flaps right and left with fine pins. If the worm has been 
freshly killed, immerse it for a few minutes in spirit. 

A. The Septa. 

These are incomplete transverse membranous partitions, 
connecting the alimentary canal with the body-wall and 
dividing the body-cavity into segments. They are placed 
opposite the grooves on the external surface throughout the 
whole length of the body, except in two regions : (1) in front 
of the fourth segment, where they are absent; (2) in the 
region of the gizzard, where they are shifted backwards so 
that they are less numerous than the external rings, while 
immediately behind it they are more numerous (fig. 28). 

B. The DigestlYe System. 

The alimentary canal is a straight tube running from the 

mouth to the anus, and is divisible into the following regions. 

1. The buccal cavity is small, and is situated in the first 

three segments. The opening of the mouth in the 

ventral part of the first segment has soft lips and no 

teeth. 
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2. The pharynx, which follows the buccal cavity, has thick 
muscular walls connected with the body-wall by 
strands of muscle which run obliquely backwards, 
perforating the anterior septa. The pharynx extends 
backwards about as (at as the sixth or seventh 
annulus when the animal is in an average condition 
of extension; but it lies entirely in front of the 
septum dividing the fifth segment from the sixth 
(fig. 28). 

8. The OBSophagus is a straight tube extending from the 
pharynx to the thirteenth or fourteenth segment. 
When the animal is not fully extended the oesophagus 
appears dilated in each segment, and constricted 
where it perforates the septa. 

a. The OBSophageal pouches are a pair of short lateral 

diverticula of the oesophagus in segment x. At 
certain seasons they contain concretions of more 
or less crystalline calcareous matter, chiefly cal- 
cium carbonate. 

To see these (zsophagealjpouches press aside the large white 
vesiculcB seminales which hide them. 

b. The oesophageal glands are two pairs of lateral pro- 

tuberances on the sides of the oesophagus in seg- 
ments XI. and XII. They are hollow, and their 
cavities, which are subdivided by a large number 
of horizontal lamellae, contain a milky calcareous 
fluid. They are local thickenings of the glan- 
dular walls of the oesophagus, and their nume- 
rous cavities open into the oesophageal pouches. 

4. The crop is a large dilatation of the alimentary canal in 

segments xiii. to xvi., but when filled it encroaches 
upon the segments in front, pushing the septa before 
it (fig. 28). 

5. The gizzard extends from the sixteenth segment back- 

wards to about the twentieth. Its walls are very 
thick and muscular, and it has a thick chitinous 
lining. 
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6. The intestine is a thin-walled sacculated tube running 
straight backwards from the gizzard to the anus. 

a. The * hepatic cells ' are a layer of yellow cells sur- 

rounding the intestine and in close relation with 
the blood-vessels. Their function is unknown. 

Cut the intestine open along one side, and wa^h out its 
contents, 

b. The typhlosole is a prominent median longitudinal 

ridge projecting into the cavity of the intestine 
from its dorsal wall, of which it is a fold. Its 
surface is marked by transverse folds. 

-C. The Circulatory System. 

The blood is a fluid coloured bright red by haemoglobin 
:and containing colourless corpuscles. Several of the larger 
vessels contract rhythmically, and especially the five pairs of 
* hearts.' 

For the dissection of the circulatory system a fresh worm 
should he taken. Owing to the dark red colour of the con- 
tained blood the vessels can be readily traced. The dissection 
is best performed under spirit. 

1. The dorsal vessel is a large median vessel running along 
the dorsal surface of the alimentary canal throughout 
its whole length ; and dividing in front into branches 
ramifying over the pharynx. It can be seen through 
the skin in the living animal, and the flow of blood 
in it is from behind forwards. 

A large lateral OBSophageal vessel runs along 
each side of the oesophagus, and communicates with 
the dorsal vessel in the tenth segment. Branches of 
it ramify over the pharynx and over the oesophageal 
glands and pouches. 

From the alimentary canal the blood is returned 
to the dorsal vessel by intestinal vessels, of which 
there are in the region of the intestine two to each 
segment. 
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2. The ventral vessel is a median vessel running l^ackwards 
below the alimentary canal the whole length of the 
animal. 

d. The ' hearts ' are five pairs of large vessels lying in seg- 
ments VII. to XI., and connecting the dorsal with the 
ventral vessel. During life they are rhythmically 
contractile, the contractions passing along them &om 
above downwards, and commencing with the hind- 
most pair. In the fresh state each has frequently a 
moniliform appearance. 

4. Henral vessels. These are in close relation with the 

nerve-cord which runs along the floor of the body- 
cavity in the mid-ventral line (see p. 74). 

a. The subneural vessel is median, and lies immedi- 

ately beneath the nerve-cord along its whole 
length. 

b. The lateral neural vessels are a pair of smaller 

longitudinal vessels lying along the sides of the 
nerve-cord. 

5. The nephridial vessels supply the nephridia or excretory 

organs (see p. 64). 

a. The nephridial arteries arise from the ventral vessel, 

one pair in each segment, and nm outwards to 
the nephridia. 

b. The nephridial veins return the blood from the 

nephridia to the subneural vessel. 

6. The parietal vessels. In each segment the subneural 

and dorsal vessels are connected by a pair of parietal 
vessels, which run on the inner surface of the body- 
wall, and receive branches from it. 

D. The Excretory System. 

This consists of a series of tubular nephridia or ' segmental 
organs,* of which each segment, except the first three and the 
last, contains a pair. They are largest in the region of the 
oesophagus. 
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Each nephridium is a long tube thrown into loops, which 
are closely applied together and suspended in the body-cavity 
close to its wall. The tube commences with a minute ciliated 
mouth — the nephrostome — opening into the body-cavity ; then 
follows a long and very slender portion, to which succeeds 
a shorter and wider part ; the terminal portion is still wider 
and has muscular walls, and opens distally to the exterior at 
the aperture already seen on the surface. 

1. Examination of a nephridium tji situ (fig. 25). 

Bemove an inch or so of the intestine, so as to expose the 
nephridia fully. Wash gently under the tap, and then 
examine under spirit with a pocket lens or dissecting micro- 
scope. 

The nephridia are seen as opaque white loops 
lying along the inner surface of the body- wall, and 
extending from near the mid-ventral line almost 
to the mid-dorsal line. Each is in relation with 
two segments, the funnel and a very short length of 
the tube lying in the anterior of the two, and the 
rest of the tube with the external opening in the 
posterior. 

Examine one of the nephridia more closely, noting its pa/rts, 

a. The nephrostome is a minute funnel lying in the 

body-cavity close to the mid- ventral line, and con- 
nected by a short stalk — the first part of the 
nephridial tube — with the septum behind it. 

b. The looped portion of the tube lies in the segment 

behind that containing the funnel. Three limbs 
can readily be made out in the loop, of which 
the middle one is the longest and reaches almost 
to the mid-dorsal line ; while the outer one is the 
widest and leads to the external aperture. 

2. Hicroscopical structure of a nephridium. 

Carefully remove an entire nephridium vnth a very small 
part of the septum which it traverses. Stain it, dehydrate 
with alcohol, clear with oil of cloves, and mount in balsam. 

Examine with low and high powers. 
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a. The foxmel is ciliated, its border consisting of a row 

of large cells with very distinct nuclei. The 
nephrostome or open mouth of the funnel can 
be readily seen. 

b. The first part of the tube is very slender and 

difficult to make out : it lies alongside the inner 
and middle of the loops formed by the wider 
part of the tube. The canal of the tube is here 
an intracellular one, traversing the individual 
cells. 

c. The second part of the tube is much wider, the 

change in diameter being abrupt, and the canal 
having from this point proper cellular walls. It 
runs up and down the middle loop of the three, 
at the dorsal end of which it is considerably 
dilated; then up and down the shorter inner 
loop ; and finally across to the outer loop, where 
it forms the terminal portion of the tube. The 
first portion of the tube is lined by a ciliated epi- 
thelium; the distal portion has glandular walls, 
and is very vascular. 

d. The terminal portion of the nephridium is much 

wider than the rest : its walls are non-glandular, 
and composed largely of interlacing muscular 
fibres. It opens to the exterior by the aperture 
already seen, in front of the outer seta of the 
inner double row. 

E. The Seproductive System. 

The earthworm is hermaphrodite. The reproductive organs 

are lodged in segments ix. to xv., i.e. in the region of the 

CBSophagus. 

1. The female organs consist of a pair of ovaries ; a pair of 

oyiduots, with a receptaeulum ovorum opening into 

each ; and two pairs of spermathecsB. 

a. The ovaries, which lie in segment xiii., are a pair 

of white pyriform bodies attached to the septum 

forming the anterior wall of the segment, and 
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hanging freely from it into the coelom below the 
oesophagus. 

To see the ovaries, carefully cut across the oMophagus in 
this segment, and gently press apart the septa bounding it in 
front and behind. 

b. The ovidncts are a pair of short tabes, the wide 
mouths of which are placed in the hinder part of 
segment xiii., one opposite each ovary. 

From the points where they perforate the 
septum, the oviducts run outwards and slightly 
backwards to their external openings on the 
ventral surface of segment xrv. 

To see them, cut through the oesophagus in segment xiv. 

0. The reoeptaeula ovomm are a pair of reniform sacs, 
attached to the anterior wall of segment xiv. just 
above the oviducts, into the upper part of the 
funnel-like mouths of which they open. 
d. The spermatheosB or receptacula seminis are two 
pairs of globular sacs lying in the hinder parts of 
segments ix. and x. respectively. Their ducts, 
which are short, run backwards and open to 
the exterior in the grooves between the ninth 
and tenth, and the tenth and eleventh segments 
respectively, just within the line of the outer 
double row of setsB. 

In these the seminal fluid received from 
another worm is stored, and from them it is 
poured out into the egg- case or cocoon in which 
the eggs are laid. 

Some species of earthworm have the sper- 

mathecsB in segments x. and xi., their ducts 

passing forwards to open in the same position as 

above. 

2. The male organs consist of two pairs of testes; two 

pairs of seminal funnels, leading into a pair of vasa 

deferentia ; and median and lateral vesiculsB semi- 

nales. 
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a. The Teacnls seminalea -nrj grea% in fonn and 
size with the season of the year. Wh^n fnlly 
developed they form coDspicaons milk-white 
bodies at the sides of the ceeophagaB, and over- 
lapping it. 
i. A pair of anterior lateral vesicnln Miuinalei lie 
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in segment ix. They are opaque white bodies 
attached to the posterior wall of the segment, 
one at each side of the oesophagus. 

Some species of earthworm have a similar 
pair in segment x., but in Lumhricus terres- 
tris these are not developed. 

ii. Two pairs of posterior lateral vesiculsB seminales 
lie in segments xi. and xii. respectively. They 
are very much larger than the anterior 
vesiculflB, especially at certain seasons, and 
are attached to the anterior septa of their 
respective segments, somewhat nearer the 
median plane than the anterior vesiculae. 

iii. A thin-roofed median vesicula seminalis, of 
considerable size, is situated in each of the 
segments x. and xi. below the oesophagus, 
which must be removed to expose them. 
Within each are a pair of testes and a pair of 
seminal funnels. With the anterior of these 
median vesiculae the anterior lateral vesiculse 
and the first pair of posterior lateral vesiculse 
communicate. The second pair of posterior 
lateral vesiculae open in similar feishion into 
the second median vesicula. 

b. The testes are two pairs of flattened digitate bodies 

of small size, attached to the septa in front of 
segments x. and xi. respectively, and projecting 
freely into the cavities of the median vesiculse 
seminales, not far from the nerve-cord. 

To see the testes, open the two median vesicula seminaies 
without injuring the structures within them. Wash care- 
fully. 

c. The seminal fimnels are large, opaque, white, much- 

folded membranous funnels, of which one pair is 
situated in each median vesicula seminalis, the 
open mouths being turned towards the testes, 
and almost enclosing them. Their narrow ends 
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perforate the hinder septa of their respective 
segments (x. and xi.), and are continuous with 
the vasa efiferentia. 
d. The vasa deferentia. From the posterior end of 
each seminal funnel a fine convoluted tube, the 
vas efTerens, runs outwards and backwards on 
the ventral body-wall. The two vasa efferentia 
of each side unite in segment xii., and the vasa 
deferentia so formed run back to open to the 
exterior by the apertures already seen on the 
ventral surface of segment xv. The vasa de- 
ferentia are slightly imbedded in the body-wall, 
and their exposure requires care. 

S. Microscopical examination of the reproductive organs, 
and of their contents. 

a. The ovaries. Betnove an ovary entire ; stain with 

carmine or magenta^ and mount in glycerine ; or 
dehydrate^ clear , and mount in balsam. 

The proximal and thicker end of the ovary 
is a solid mass of cells from which the ova 
are formed: the distal portion contains ripe 
ova. Each ovum is a large cell with very dis- 
tinct nucleus and nucleolus. The nucleolus is 
stained by carmine more deeply than the rest of 
the cell. 

b. The receptacula ovorum. Bemove one and examine 

it asjabove. 

Ova may be seen in it at certain seasons. 

c. The contents of the spermathecse. Bemove a sperma- 

theca and transfer it to a slide. Tease it in water 
and examine with low and high powers. 

The seminal fluid in the spermathecaB con- 
tains innumerable mature spermatozoa, each of 
which is an exceedingly fine filament with a 
slightly thickened rod-like head at one end. 

d. The testes. Bemove a testis ; stain, dehydrate and 
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clear it, and tease it in balsam : mount another 
in water. Examine with a high power. 

The spermatospores are cells, each of which 
by division gives rise to a large number of sper- 
matozoa. Only the earliest stages of the division 
occur in the testes, the spermatospores leaving 
them as ovoid masses with numerous nuclei, 
and tuberculated surfaces. 
e. The contents of the vesiculsB seminales. Tease in 
water some of the white mass filling the vesi- 
cuke. Stain another portion, and mount it in 
glycerine. 

The vesiculsB contain spermatozoa in all stages 
of development : — (1) the morula-like spermato- 
spore as it leaves the testis ; (2) a stage in which 
the tubercles, or spermatoblasts, are more distinct 
and are produced outwards into filaments; (3) 
later stages in which the filaments are elongated 
to form the tails of the spermatozoa, while the 
bodies of the spermatoblasts form their rod-like 
heads. 

A part of the spermatospore remains un- 
changed in the centre of the mass, while the 
peripheral part becomes converted, as described 
above, into a wisp-like tuft of spermatozoa. 

F. The HervouB System. 

This consists, as in the leech, of a double ventral cord, 
swollen slightly in each segment ; and a pair of dorsal 
ganglia in front, connected with the ventral chain by a pair 
of connectives running round the sides of the alimentary 
canal. 

1. The nenre-coUar is a small ring of nervous substance 
surrounding the buccal sac just in front of the 
pharynx, in the third segment. It consists of a pair 
of pyriform supra-cBSophageal ganglia, united in the 
median plane ; a pair of later^ connectives running 
round the sides of the buccal cavity ; and a pair of 
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closely apposed ventral ganglia, Ute first paii of the 
ventral chain. 
2. The vratral nerre-ohain. 
Remove the alimentary canal, from thepharytix backwards, 
without injuring the nerve-collar and chain. 
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The chain nins along the ventral body-wall in 
the middle line, giving off three pairs of nerves in 
each segment along nearly the whole length of the 
body. The cord is slightly swollen opposite the 
middle of the segments, the swellings or ganglia 
being more conspicuous in the hinder part of the 
body. 

in. EXAMINATION OF TRANSVERSE SECTIONS OF THE 

INTESTINAL REGION. 

The structure of the body-wall and alimentary canal, and 
many other points in the anatomy of the earthworm, are best 
understood from a microscopical examination of transverse 
sections of the whole animal. 

To prepare these sections kill a worm with cold saturated 
solution of corrosive sublimate ; cut out about half an inch 
from the middle of its length, and leave this in the stiblimate 
for twenty 'four hours. Wash it well, and transfer to spirit. 
Carefully syringe out the contents of the intestine. Stain ; 
iwhed, and cut into transverse sections with a microtome. 
Mount the sections in order. 

Examine with low and high powers. 

A. Shape. 

The section is nearly circular in outline. The dorsal 
surface is indicated by the typhlosole, the ventral by the 
nerve-cord. 

B. The Integument. 

1. The cuticle is a thin structureless superficial layer, often 

separated by the action of the reagents £rom the 
underlying epidermis. 

2. The epidermis lies immediately below the cuticle. It 

consists of a single layer of columnar cells, set side 
by side at right angles to the surface, with nuclei 
near their bases. Many of these cells have the 
character of ' goblet cells/ being distended by a 
granular secretion formed within them ; other cells 
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lying between these are extremely slender. In the 
clitellam the epidermis is greatly thickened, and 
blood-vessels penetrate between the cells. 

8. The dermis is an exceedingly thin layer immediately 
beneath the epidermis. 

4. The setSB are lodged in sacs, which are invaginations of 
the skin extending deep into the body, through both 
the muscular layers. They are cuticular structures, 
and are moved by special muscles. SetaB in various 
stages of development may be seen within the sacs. 

C. The Muscular Layers of the Body-wall. 

1. The external layer, which is rather thicker than the 

epidermis, consists of transverse fibres running round 
the body : it is completely interrupted at the grooves 
between the segments. The connective tissue between 
the muscle-fibres is pigmented slightly : in the dorsal 
wall of the oesophageal region this pigmentation is 
very marked. 

2. The internal layer is very much thicker than the ex- 

ternal. It consists of longitudinal fibres, arranged on 
the sides of a series of radial longitudinal sheets, and 
having a feather-like appearance in transverse section. 

D. The CoBlom, or Body-cavity. 

This is the space around the intestine, between it and the 
body-wall. It is lined by a thin peritoneal epithelium. 

£. The Intestine. 

This occupies the middle of each section. Its diameter 
is about half that of the body of the worm. 

1. The typhlosole is a fold of the dorsal wall extending 

into the intestine from above, narrowing its cavity, 
and making it crescentic in transverse section. 

2. The epithelium lining the intestine consists of a single 

layer of colunmar ciliated cells. 
8. The muscular layer of the intestinal wall is thin. The 
fibres, which are nearly all transverse in direction, 
are imbedded in a connective-tissue layer. 
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4. The * hepatic' cells lie outside the muscular layer, 
around the vessels which return the blood firom the 
intestine to the dorsal vessel. They are elongated 
granular cells of large size, and generally arranged 
radially to the surface of the intestine. They are 
very abundant in the cavity of the typhlosole, which 
they almost completely fill. 

F. The Hephridia. 

These lie at the sides of the alimentary canal. Their 
appearance in transverse sections varies greatly according 
to the part of the nephridium through which the section 
happens to pass. By reference to the description of a 
nephridium, on page 64, it will be fsdrly easy to identify the 
parts present in any particular section that may be examined. 

Q. The Septa. 

Owing to their obliquity, parts of the septa are present 
in nearly all transverse sections, lying in the body-cavity 
between the body-wall and the alimentary canal. Each 
septum is a thin sheet of connective tissue, in which are 
circular and radial muscles. The central part of the ventral 
edge of the septum is not attached to the body- wall, a gap 
being left through which the coelomic fluid can pass from 
one segment to another. 

H. The Herve-cord. 

This lies near the ventral surface, just within the longitu- 
dinal muscle-layer, and is enclosed in a double connective- 
tissue sheath, between the two layers of which is a stratum 
of longitudinal muscle-fibres. 

In the sheath lie three longitudinal blood-vessels, a sub* 
neural below the cord, and a pair of lateral neural vessels at 
the sides. Along the dorsal surface of the cord are three 
* giant-fibres * of unknown function. The fibrous connective 
tissue of the sheath extends into the cord, dividing its fibres 
into two main bundles, and subdividing each of these into 
smaller ones. Herve- cells of large size, each with distinct 
nucleus and nucleolus, form a layer along the whole length of 
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the ventral and lateral 8urfjB.ce8 of the cord : they are more 
abundant in the ganglionic enlargements. 

I. The Blood-vessels. 

These are readily recognised by the deeply staining blood- 
clots with which they are filled. The larger vessels have 
musenlar walls. Besides the neural vessels just mentioned 
the following may be recognised. 

1. The dorsal vessel lies in the body-cavity above the intes- 

tine. It is of large size, and has masses of ' hepatic ' 
cells at its sides. 

2. The intestinal vessels lie in the walls of the intestine : 

they are surrounded by * hepatic ' cells, and may in 
some sections be seen to open into the dorsal vessel. 
8. The ventral vessel lies between the nerve-cord and the 
intestine, and is connected with the latter by a 
median sheet of vascular connective tissue. 
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Chapter VI. 

THE FKESHWATEE MUSSEL. Anodonta ^ygnea. 

The body of the mussel is enclosed in a shell, the two halves 
or valves of which cover the right and left sides of the body 
respectively. These valves, which are hinged together along 
the median dorsal line, can be opened to a slight extent by 
means of an elastic ligament along the hinge-line, and closed 
by powerful adductor muscles. When the valves are closed 
they completely conceal all parts of the body. 

Mussels vary a good deal in size according to their age ; 
a £Edr-sized specimen is about four and a half inches long, one 
and a half thick, and two and a half from the dorsal to the 
ventral edge. 

The mussel lives in freshwater streams, with its anterior 
end buried somewhat obliquely in the mud of the bottom, 
and the posterior end projecting up into the water. By 
means of a muscular foot it can plough its way slowly 
along the bed of the stream. Its food consists of minute 
organisms, both animal and vegetable, which are swept in at 
the hinder end of the shell by ciliary currents and carried 
forwards to the mouth, the stream of water so kept up serving 
for respiration as well as nutrition. 

The sexes are distinct. The young embryos are retained 
within the mother during their early stages of development ; 
they then hatch and attach themselves to fish. While 
attached they increase considerably in size, and undergo a 
distinct metamorphosis. Finally they detach themselves, and 
adopt the mode of life of the adult. 



THE FRESHWATER MUSSEL 77 



I. THE SHELL. 

The shell is a cutioular product formed by the underlying 
epidermis. It is, therefore, entirely outside the body, and 
incapable of growth except by addition of new rings or new 
layers to the part already formed. It consists of an organic 
basis impregnated with calcareous salts. 

A. The Outer Surfetee of the Shell. 

1. Shape. The anterior end of the shell is rounded, the 

posterior more pointed, and the dorsal hinge-line 
straight. In the female the shell is more convex 
than in the male. 

2. The umbo is the oldest part of ea>ch valve. It is close 

to the hinge-line, and about a quarter of the length 
of the shell from its anterior end. It has usually a 
pearly white appearance, owing to the outer layer of 
the shell having been rubbed off. 

8. The lines of growth are the series of concentric rings on 
the surface of the shell, marking successive stages in 
its growth. Each of these lines was at one time the 
actual margin of the shell. 

The shell does not grow uniformly in all direc- 
tions. Growth is much more rapid towards the 
ventral than the dorsal surface, and more rapid 
posteriorly than anteriorly ; hence the umbo or oldest 
part is close to the dorsal edge, and nearer the anterior 
than the posterior end. 

4. The ligament connects the two valves together along 
the mid-dorsal line ; it is really a median, imperfectly 
calcified part of the shell itself. It is very narrow 
in the anterior part of the hinge-line, and much 
broader behind. As the valves are only kept closed 
by contraction of the adductor muscles, they will 
open as soon as these muscles relax. Hence in dead 
specimens the valves always gape, owing to the un- 
opposed action of the elastic ligament. 
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B. The Inner Surface of the Shell. 

Wedge open the valves of the shell with the handle of a 
scalpel or other instrument, so that the ventral edges of the 
valves a/re ahout half an inch apa/rt, and the adductor muscles 
can be clearly seen. Note the mantle-lobes or flaps lining the 
sheU'Valves, and separate with a scalpel the right mantle-lobe 
from the shell. 

Identify the positions of the adductor muscles by com- 
parison with fig. 26, and detach with a scalpel first the 
anterior, then the posterior adductor rrvuscle from the right 
vahe, keeping the knife close to the shell. As soon as this 
is done the valves will gape open, about half or three-quarters 
of an inch, owing to the action of the ligament. Bend back 
the right valve of the shell, and remove it completely, cutting 
through the ligament along the hinge line. Glean the detach^ 
valve, and examine it. 

1. The inner surface has a white pearly appearance, except 

round the edge. The lines of growth are visible, but 
not nearly so plainly as on the outside. 

2. The hinge is a smooth longitudinal ridge extending 

backwards from the umbo along the dorsal edge 
of the shell. When the valves are closed, the two 
hinges are in contact opposite the umbo, but gradu- 
ally diverge from each other behind it. 

8. The ligament, which is very strong and elastic, com- 
mences in front of the umbo, and extends back 
along the straight dorsal edge of the shell, being 
very narrow in front, but wider behind. 

4. The muscular impressions are slight depressions of the 
shell, to which the adductor and other muscles are 
attached. 

a. The anterior adductor impression is a large oval 
slightly depressed area, with its long axis ver- 
tical, close to the anterior end of the shell, and 
nearer the dorsal than the ventral edge. 
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1>. The anterior retractor impression is small, and con- 
tinuous with the posterior border of the anterior 
adductor impression. 

c. The protractor impression is a separate small 

impression, about ^ inch behind the lower part 
of the anterior adductor impression. 

d. The posterior adductor impression is near the 

dorsal edge and posterior end of the shell, below 
and behind the hinder end of the ligament. It is 
rather larger than the anterior adductor impres- 
sion, and is oval in shape, with the longer axis 
horizontal. 

e. The posterior retractor impression is small, and 

continuous with the upper and anterior edge of 
the posterior adductor impression. 

f . The pallial line, or line of attachment of the mantle 
to the shell, runs nearly parallel to the ventral 
edge of the shell, and about half an inch from it. 
It connects the hinder border of the posterior 
adductor impression with the ventral edge of 
that of the anterior adductor. 

5. The paths of shifting of the muscles are faint triangular 
depressions, converging from the margins of the 
several muscular impressions towards the umbo. 
They mark the boundaries of the paths along which 
the muscles have shifted during the growth of the 
shell. In the young state, when the umbo and the 
part immediately round it form the whole valve, 
adductor and other muscles are present in the same 
relative positions as in the adult : during the growth 
of the shell by addition of new matter round its 
margin the muscles gradually shift outwards, in- 
creasing in size as they do so. 

C. The Structure of the Shell. 

If the shell be broken across, and the edge examined with 
a pocket lens, it is seen to consist of three layers. 
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1. The periostraonm or outer layer is thin, homy, and 

nncalcified. To it the brownish-green colour of 
the shell is due. It is commonly, but erroneously, 
spoken of as the ' epidermis ' of the shell. 

In the growth of the shell this layer is the first to 
be formed, and the free edge of the shell, especially 
round the ventral border and the posterior end, con- 
sists of it alone. • It is formed by the thickened edge 
of the mantle-fold. 

The periostracum is reflected over the edge of the 
shell, and lines a narrow strip of its inner surface 
round the ventral border and at the two ends. 

2. The middle or prismatic layer forms about half the 

thickness of the shell : it is very densely calcified, 
and consists of numerous polygonal prisms placed 
side by side, and obliquely to the surfiebce of the 
shell. 

Like the periostracum, it is formed by the edge 
of the mantle. It is visible on the outer surfeuse of 
the shell at places where, as at the umbo, the peri- 
ostracum has been rubbed off. It can also be seen 
round the margin of the shell on its inner surface. 
8. The inner, nacreous or pearly layer lines the whole of 
the inner surface of the shell except the marginal 
rim. It varies in thickness, but is in most parts 
about as thick as the prismatic layer, and consists 
of a number of superposed laminaa laden with cal- 
careous particles. It is formed by the surfebce of the 
body and mantle in contact with the shell. 

Pearls are formed in animals closely allied to 
the mussel by concentric deposits of this nacreous 
layer around foreign bodies, such as grains of sand. 
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II. DISSECTION OF THE MUSSEL. 

In dissecting the mussel^ a small brush may with great 
advantage he used to remove the mucus and to clean the several 
parts. 

Leave the animal in the left valve of the shell, and fix it 
down firmly to the dissecting-board under water. Pins can 
readily be parsed through the ligament. 

A. External Characters. 

1. The miiBcles. The anterior and posterior adductors are 

readily recognised, and form useful landmarks. Their 
fibres run transversely from one valve to the other, 
and by their contraction close the valves. 

Close to the adductors are the smaller protractor 
and retractor muscles of the foot, the origins of which 
have already been seen on the inner surfiEUse of the 
shell. 

The protractor is behind the lower border of the 
anterior adductor, and the anterior retractor is be- 
hind the middle of the same muscle. The posterior 
retractor is continuous with the upper and anterior 
border of the posterior adductor. 

2. The right mantle-lobe is the flap of integument which 

covers the side of the body : it is in contact during 
life with the inner surfJEUse of the shell, to which 
it is attached along the pallial line. Its inner surface 
is ciliated. 

Dorsally it is continuous with the body-wall, of 
which it is a prolongation. Its ventral border is free 
and grooved, this free border secreting the outer and 
middle layers of the shell. 

The mantle-lobe begins in front above the middle 
of the anterior adductor muscle, and runs round its 
anterior border as a narrow fringe. Opposite the 
part of the body between the two adductor muscles 
the mantle-lobe is very wide, extending from near 
the dorsal border to the ventral edge of the shell. 

Qt 
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At the hinder end of the animal» below the 
posterior adductor, the margin of the mantle which 
here bounds the inhalent aperture, is very greatly 
thickened and pigmented, and bears a fringe of ten- 
tacular processes. 

Immediately behind the posterior adductor the 
mantle-lobe fuses with its fellow of the opposite side, 
and the fused borders run forwards along the dorsal 
sur&ce of the posterior adductor for about half an 
inch. They then separate and continue forwards as 
a paur of narrow fringes, bounding a shallow groove, 
for about half an inch further, where they cease. 

3. The left mantle-lobe, which can as yet be only imper- 

fectly seen, agrees exactly with the right, the animal 
being bilaterally symmetrical. 

4. The pallial or mantle-cavity is the space between the 

right and left mantle-lobes. In it lie the foot and 
the greater part of the visceral mass, the gills, and 
other organs. 

It is divided by a horizontal partition, formed by 
the bases of the gills, into two chambers of very 
unequal size; — (1) the large ventral branchial 
chamber; (2) the smaller dorsal 8upr&>branohial 
chamber, the hinder end of which forms the doacal 
chamber. 

5. The pallial openings. If a mussel be placed in a vessel 

of water with a layer of mud or sand at the bottom, 
and left to itself, it will assume the position described 
above, the anterior end being buried somewhat 
obliquely in the mud, and the posterior end project- 
ing into the water. The valves will be slightly 
opened, and streams of water, which can be rendered 
cleariy visible by adding a little colouring matter, 
will pass in and out of the posterior end, the ingoing 
or inhalent stream being ventral, the exhalent 
dorsal. 

This current is maintained by the cilia of the 
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mantle, gills, and palps : it serves to bring water 
for nutrition and respiration, and to carry away the 
fbcal matter and the excretory and reproductive 
products. 

a. The inhalent aperture, through which the inhalent 

stream enters the branchial chamber, is a vertical 
slit at the hinder end of the body : it is bordered 
laterally by the thickened posterior edges of the 
mantle-lobes, which bear the tentacular fringes. 
Below, it is incompletely closed by the approxi- 
mation of the edges of the mantle-folds ; and 
above, it is separated from the exhalent aperture 
by a horizontal partition formed by the fusion of 
the gills of the two sides with each other. 

b. The exhalent or cloacal aperture is much smaller 

than the inhalent opening, and lies immediately 
dorsal to it, and behind the posterior adductor 
muscle. It is bounded laterally by the thickened 
mantle-borders, which have here no tentacles. 

Pass a seeker into the cloacal opening , and forwards along 
the supra-branchial cavity above the gills. Note the partition 
between the exhalent and inhalent apertures. 

6. Organs lying in the branchial chamber. 
Turn back the right mantle-lobe as fully as possible, 

a. The foot and visceral mass form a large laterally 

compressed oblong mass, about half the length 
of the shell, and lying between the two adductors. 
The upper two-thirds, which are paler in colour, 
form the visceral mass : the lower or ventral third 
forms a powerful muscular foot, reddish in colour, 
which can be proti:uded from between the valves 
in front, and is used by the animal for working its 
way along the bed of the stream in which it lives. 

b. The gills are two pairs of large lamellar organs 

lying at the sides of the visceral mass, between 
it and the mantle, and extending back beneath 
the posterior adductor to the hinder end of the 

o 2 
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mantle-cavity. The outer gill is, in the female, 
often greatly distended with embryos. 
0. The labial palps are two pairs of triangular folds 
lying at the sides of the anterior part of the vis- 
ceral mass, between the anterior adductor and the 
gills. Each pair consists of a couple of lamellaa, 
of about equal size, attached along their dorsal 
borders to the body-wall, and marked on their 
apposed surfaces by close-set transverse ridges. 

7. The external apertures. 

a. The mouth is in front, between the anterior adductor 

and the anterior border of the foot. 

Pass a seeker into the mouthy and note that it passes verti- 
cally upwa/rds behind the anterior adductor ^ into the stomach. 

The mouth is bordered by anterior and pos- 
terior lips, formed by the labial palps. The outer 
palp is continuous with its fellow of the opposite 
side, forming a low ridge-like anterior lip, imme- 
diately behind the anterior adductor. In a similar 
manner the two inner palps are continuous with 
each other and form a posterior lip, in front of 
the foot. 

The deep groove between the outer and inner 
palps of each side thus leads directly into the 
mouth. The palps are richly ciliated, so that 
any food-particles that come within the range of 
their action are swept into the groove and carried 
forwards to the mouth. 

b. The anus opens into the cloacal cavity, close to ita 

external opening. 

Insert a seeker into the groove between the margins of the 
mantle-lobes above the posterior adductor, and pass it back 
over the adductor into the cloacal cavity. Slit up this canal 
so as to expose thoroughly the hinder part of the rectum, and 
the anus. 

Insert a seeker into the amis and pass it upwards and 
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JOTwards along the rectum as it lies <m the doraai surface of 
the posterior adductor. 
B. TheOilia. 

Cut away ike right mantle-lobe completely with scissors, 
cutting along the base of the palps, round the anterior end 
of the gills, and back along the attached base of the outer gUl. 
Take care not to damage the parts to which the mantle it 
attached. 

Each gill consists of a pair of lamelln, united along their 
ventral borders. Each lamella is formed of very numeroua 



Fia. 26.— AnodonU OTgne*. Dikgranunttic view from the right side. 

The right valve of the shell and the right mantle-lobe have been 

removed, and the pericardial oavitj opened tiora the right side. 

The line ot attachment of the right mantle-tobe is indicated by the 

strong dotted line. (a. h. u.) 
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miucle. Air, rtgbt urli^lt. B, Ugimait of the sheU. u, closcu ami. 
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•pertoi™. Ei. t*nUcl€B bordoring Inhnlent iqwrture. F, fool. H. aiitertm 
Hrta. la, Inner |i1U ot right dile. IF, Inoer loblnl p^p of right dd<. 
E. Udnef . XjH, left mwitle-lobe. M, mouth. N, poeterior lorts. OO, 
outer gUl of right .Ide. OP. ontar loblal palp of right side. P, right pro- 
IiKIor moHle. FA. poiteriur uldaiTtor mnicle. FO. perioudiHl carlty. 
PO. right peiUl gmglton. PB. right po«erior retmclor moKle. E.nwtain. 
.„,. .... .. .___. ,( ^^j ,g^ „, mBolle, HW, ipMe between right 
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vertical and horizontal bars, united to form a kind of trellis- 
work with very small meshes, the greater number of which 
are blocked up by fusion of the deeper surfEuses of the bars 
with one another. 

The two lamellsB of each gill are further united at intervals 
by thick vertical ridges, parallel to the vertical bars. In the 
case of the inner gill these ridges are at intervals of about 
twenty bars; in the outer giU they are more numerous^ 
occurring at about every seventh bar. 

1. The outer gill. 

a. The outer lamella of the outer gill is attached along 

the whole length of its dorsal border to the inner 
surface of the mantle, close to its line of origin 
from the body-wall. This line of attachment of 
the gill runs obliquely across the body, its anterior 
end being near the dorsal surface a little below 
and behind the umbo, while its posterior end is 
below and behind the posterior adductor. 

b. The inner lamella of the outer gill is attached 

along its whole length to the outer lamella of 
the inner gill, and to the body- wall. 

Turn the outer gill hack, so as to see its attachment to the 
inner gill. 

2. The inner gill. 

a. The outer lamella of the inner gill is attached along 

its whole length, as just noticed, to the inner 
lamella of the outer gill. 

b. The inner lamella of the inner gill varies in its 

attachment at different parts of its length. 

Turn the inner gill hack so as to expose the dorsal border 
of its inner lamella. 

i. The anterior part of the dorsal border, about a 
quarter of its total length, is attached to the 
side of the visceral mass. 

ii. The middle portion has a free edge, and extends 
back as bx as the hinder border of the foot. 
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iii. The posterior part, behind the foot, is fased 

with the corresponding lamella of the gill of 

the opposite side, forming the partition between 

the inhalent and exhalent chambers of the 

mantle-cavity. 

8. The snprapbranchial or exhalent passages are wide 

longitudinal channels running just above the bases 

of the gills, and continuous with the interlamellar 

spaces of the gills. 

Alongside the foot there are two such passages 
on each side, one above the outer gill, and one above 
the inner gill. The latter communicates with the 
large branchial chamber through the longitudinal 
slit between the inner lamella of the gill and the 
hinder part of the visceral mass. 

Behind the foot there are only three passages, 
the two inner ones becoming continuous with each 
other ; and beneath the posterior adductor the three 
unite to form a wide shallow passage, opening behind 
into the cloacal chamber. 
Pass a seeker into the cloacal cavity, and then forwards 
along the supra-branchial passages above the ba^es of the 
gills. Lay open first the obiter passage of the right side, 
and then the inner one ; taking care not to damage the kidney, 
which lies iminediately above them. Note that the inner pas- 
sages of the two sides are continuous with each other behind 
the foot, and that they communicate with the branchial cavity 
through the slits between the inner gills and the body. 

The respiratory stream of water, kept up by the 
cilia on the mantle and gills, enters at the inhalent 
aperture, passes forwards along the branchial cavity 
and then makes its way through the meshes of the 
gills into the supra-branchial passages. It then passes 
back along the supra-branchial passages to the cloacal 
cavity, and so out. 

Bespiration is probably effected mainly by the 
inner surfEkces of the mantle-lobes, and not by the 
gills. 
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4. The structure of the gills. 

Cut the gills across, and examine the cut edges with a 
pocket lens. Separate the two lamellcR from each other ; and 
mount small pieces of them and examine with the microscope. 

For a more minute study of the structure of the gills 
microscopical sections should he made through various parts. 

The individual bars are slender, vertical, laterally 
compressed rods, the inner edges of which, i.e. those 
turned towards the space between the two lamellsB 
of the gill, are in most cases expanded laterally, and 
fused with their neighbours. 

The bars are clothed with a single layer of 
ciliated epithelial cells, which are cubical over the 
greater part of the surface, but colunmar along the 
outer edge, a row of cells along each side of this 
outer edge having peculiarly long cilia. Each bar 
is strengthened by a double chitinous rod, which lies 
close to its outer border. 

The inner or deeper parts of the bars consist 
chiefly of lacunar tissue, i.e. a loose network of 
branched cells, the meshes of which contain blood. 
Distinct blood-vessels are comparatively few in 
number ; they are of large size, and lie principally 
in the interlamellar rods which bolt together the two 
lamellaa of ea<;h gill. 

C. The Circulatory System. 

1. The pericardial cavity is an elongated space of con- 
siderable size lying along the dorsal surface of the 
animal, ventral to the ligament, and above the bases 
of the gills. It contains the heart, and is traversed 
by the rectum. Its walls are thin and semitrans- 
parent behind ; thicker and spongy in front. Through 
them the pulsations of the heart can be seen. 

Open the pericardial cavity by a longitudinal incision 
along the right side, and cut away as much of its walls as is 
necessary to expose the heart fully. 



CIRCULATORY SYSTEM 89 

2. The heart consists of three chambers, a median ventricle, 
and right and left auricles ; the latter returning to 
the ventricle the blood from the mantle-lobes and 
gills of the right and left sides respectively. 

a. The right auricle is a triangular sac with very thin 

transparent walls. The base of the triangle lies 
along the dorsal border of the gills of the right 
side, from which it receives blood; the apex is 
attached to the side of the ventricle about the 
middle of its length, and opens into it by a 
valved aperture. 

To see the auricle, press the gills down gently, 

b. The left auricle is similar to the right, and returns 

the blood from the left gills and mantle-lobe. 
0. The ventricle is an elongated thick- walled muscular 
sac of a reddish colour, lying in the middle of the 
pericardial cavity, and receiving the auricles late- 
rally. Its posterior end is enlarged and bilobed. 
The ventricle surrounds the rectum, which 
runs straight through the pericardial cavity from 
end to end, $ipparently traversing the ventricle, 
though not doing so in reality. In the early 
stages the ventricle lies completely below the 
rectum, but during development its anterior end 
extends up at each side, and the two processes 
meet each other and unite above the rectum, 
completely surrounding it. 

d. The arteries. 

There are two main arteries, one arising from 

each end of the ventricle, which convey the aerated 

blood from the heart to all parts of the body. Their 

main branches may be followed by injecting them 

from the ventricle. 

a. The anterior aorta is a continuation of the anterior 

end of the ventricle : it runs forwards along the 

dorsal surface of the rectum, enters the visceral 
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mass, and divides into visceral and pedal arteries, 
which supply the anterior two-thirds of the 
animal. 
b. The posterior aorta arises from the posterior end 
of the ventricle, and runs backwards beneath the 
rectum : it divides into right and left branches, 
which supply the hinder part of the body. 

4. The veins, except the largest ones, cannot be dissected 

without injecting them, and even then they are 
difficult to follow. 

a. The vena cava is a median longitudinal vessel lying 

beneath the floor of the pericardium : it receives, 
in front, large veins returning blood from the foot 
and visceral mass ; and behind, much smaller 
vessels from the posterior part of the body. 

b. The afferent branchial veins are a pair of large 

vessels, running along the lines of attachment of 
the outer and inner gills to each other. Vessels 
arise from them which carry blood to the gills. 
e. The efferent branchial veins run along the bases 
of the outer lamellae of the outer gills: they 
return to the auricles the blood from the gills, 
and also receive at their anterior and posterior 
ends large vessels returning aerated blood from 
the mantle-lobes. 

5. The course of the circulation. 

The ventricle receives arterial blood from the 
auricles, and drives it through the arteries all over 
the body. The blood from the foot and viscera is re- 
turned to the vena cava, from which it passes through 
the kidneys to the gills. From the gills it is returned 
by the efferent branchial veins to the auricles. The 
blood from the mantle-lobes is returned direct to 
the auricles, and does not pass through either the 
kidneys or the gills. 

The circulation is in great part carried on through 
irregular channels or lacunae. 
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D. Th« Kidneys. 

The kidneys, or ' organe of Bojanua,' are paired, and lie 
Bide by side just beneath the pericardium. 



Fio. 27. — AsodonU tjgnalt. Diagiammktic view from the right aide. 
The right valve of the ahell, the right mftntle-lobe, the right gills. 

and the right anriole, have been reinoved. The aiimentwy canal 
has been laid open tiam the right side aa far as the point vhere it 
enters the pericardial cavitj. The pericardial cavit;, the ventricle, 
and the right kidne; and ureter have been laid open from the right 
side. The longer arrow passes from the pericardial cavitj through 
the right leno-pericardial aperture into the right kidney. The 
shorter arrow passes throu^ the external aperture ol Uie right 

A. murtrii. of ti.e Kit yalvo of tljc ii,u-)t In «-hioli llie nnlnial is lj-|mr. AA. 
Ulterior rnddnctor mnscLp. AN. anua. B, Hmment of tho >hell. BD. bila- 
<Iuct, BD', openlugt of bUt-iIncU into rtonibch. C, cluacnl citTity. D. wp- 
UuD betveen tli< clcausl uul bnuichliJ caritifi. B. t«iiMrl» bonlrrlnr 

1*K Inner gUli. QOpWiUI •putare. H, ulterior noitii. I, lultrtlnr. K. 
Wdn^. £. llTet. LG. inner gtll of left «ldp, LM. Irll Biantlc-lobe. M, 
month. N. posterior Bort». O. iB»oph«*ni*- PA. posterior »il(luc[orina»clc. 
Pa pericudi*! CBTitj'. PB, riglit porterlor retn»;lor nin«cle. B. rectum, 
BO. genit^glmd-owj or lertls. BX. line of atttir lament of rif;ht lobe of 
tnuille. HP, right reno-pedeardW niwrture. S. ttoninch. 8C. medlui 
•npra-bnuicliia] guaI. Ij-lnn iboTe the itmer-gllln. T. tfpliloEolE, TJ, right 
ureter. UO, eitenial opening of right ureter. V. eacit; of veDtrtclo. 
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Each kidney is a wide thin-walled tube, doubled on itself 
80 that its two ends are closely approximated. These ends 
are anterior, and placed opposite the anterior end of the 
pericardium, while the loop is posterior and lies against the 
posterior adductor muscle. 

The two limbs of the loop are very different : the ventral 
limb, or kidney proper, has spongy walls, and is lined 
throughout by a darkly pigmented glandular epithelium, so 
that the whole limb appears black. The dorsal limb, or 
ureter, is a wide thin-walled tube which conveys the excretory 
products forwards to the external opening. 

Dissect the right kidney as described below , examining first 
the ureter y and then the glandular portion. 

1. The external opening of the ureter is on the side of the 

body between the two lamellae of the inner giU, and 
a short distance in front of the point at which its 
inner lamella becomes free from the body. 

Turn bach the gills of the right side ; and pass one blade 
of a fine pair of scissors between the lamelUB of the inner 
gill, through the anterior end of the slit between the inner 
lamella and the body. Cut forwards through the inner lamella 
parallel to its base, and about an eighth of an inch from it. 
Separate the cut edges of the lamella, and gently brush the 
parts clean. 

The opening of the ureter is a small hole, with 
rather prominent white lips. Almost immediately 
below it is a smaller and less conspicuous opening, 
the aperture of the genital duct, which should be 
recognised at once. 

2. The ureter. 

Bemove the gills of the right side completely, cutting along 
their lines of attachment to the body and mantle. Inflate the 
ureter through its opening, and slit it up along its whole 
length. 

The ureter is a wide thin-walled passage lying 
above and to the outer side of the kidney. Its roof 
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is continuous with, and inseparable from, the floor of 
the pericardiom ; and its floor is continuous with the 
roof of the kidney. On its inner side it is separated 
from the ureter of the other side by the vena cava. 
The two ureters communicate with each other 
through a large slit-like opening near their anterior 
ends. 
8. The kidney appears as a black sausage-shaped body 
lying beneath the ureter. Posteriorly it enlarges 
considerably, and is in close contact with the posterior 
adductor muscle, which it partially embraces. 

Lay open the kidney longitudinally vnth scissors. 

Its walls are thrown into thick spongy folds, 
clothed with a black glandular epithelium. The 
enlarged posterior end opens into the hinder end of 
the ureter. 
4. The reno-perioardial openings are a pair of crescentic 
slits at the anterior end of the pericardial cavity, in 
the angle between the rectum and the floor of the 
pericardium ; they lead from the pericardial cavity 
iato the anterior ends of the right and left kidneys 
respectively. 

Find the reno-pericardial opening on the right side, and 
pass a seeker through it, and backwards along the kidney. 
Slit open the passage, using the seeker as a guide. 

The pericardial cavity is developmentally a part 
of the body-cavity or coelom. Hence in the mussel, 
as in the earthworm and in other animals generally, 
the kidneys are tubular organs with glandular walls, 
leading from the body-cavity to the exterior. 

From the external apertures the excretory pro- 
ducts are carried back by the exhalent respiratory 
stream along the supra-branchial passages to the 
cloacal cavity, and so out. 

E. The HeryouB System. 

The nervous system of the mussel consists of three main 
pairs of ganglia widely distant from one another, but united 
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by nerve-connectives, and giving off nerves which supply the 
various organs. 

The ganglia are about the size of large pin-heads, and 
are of a bright orange colour which renders them easy to see. 

1. The cerebral ganglia are placed one on each side of 

the hinder border of the mouth, just above the line 
of attachment of the mantle- lobe, and below and in 
front of the protractor muscle. The ganglion lies 
very close to the surface, just beneath the skin, and 
is readily exposed if its exact position be deter- 
mined first. 

The two cerebral ganglia are connected together 
by a commissure which runs round the front of the 
mouth. Each ganglion also gives nerves to the palps, 
the anterior adductor muscle, and other adjacent 
parts, and is united by nerve-connectives with the 
other ganglia of its side. 

The cerebral ganglia of the mussel probably corre- 
spond to the cerebral (supra- oesophageal) and pleural 
ganglia of other molluscs, such as the snail. 

2. The pedal ganglia are a pair of closely apposed 

ganglia about the same size as the cerebral. They 
are placed in the foot, along the line of junction of 
the visceral portion with the foot proper, and about a 
third of the length of the foot from its anterior end. 

To find the pedal ganglia split the anterior part of the 
foot with a scalpel in, the median plane, and dissect the two 
halves apart until the ganglia are met with. The junction 
of the muscular and visceral portions is very clea/rly defined, 
and the ganglia are placed close to it. 

Each pedal ganglion gives nerves to the foot, one 
of these supplying the auditory organ or otoeyrt, which 
is placed a little behind and below the ganglion. 
8. The cerebro-pedal connectives are a pair of nerve-cords 
connecting the cerebral ganglia with the pedal 
ganglia. They run in an almost straight course 
between the two gangUa, and are easily exposed. 
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4. The visceral or parieto-splanclmie ganglia are a pair 

of closely apposed ganglia, situated on the under 
surface of the posterior adductor muscle about the 
middle of its length. 

Pass a seeker into the cloacal cavity ^ and along the median 
supra-branchial passagCt and lay open this latter, if it has 
not already been done. The visceral ganglia are then readily 
found in the position noted above. 

From the ganglia nerves are distributed to the 
posterior adductor, the mantle, and other parts. 

5. The cerebro-visceral connectives are a pair of long 

nerve-cords which connect the cerebral with the 
visceral ganglia. 

From each cerebral ganglion the connective 
curves upwards and backwards through the visceral 
mass, lying close to the surface. It then runs 
straight back along the inner surface of the kidney 
to the visceral ganglion. The part in relation 
with the kidney is very easy to dissect : in front of 
the kidney the dissection is more troublesome, but 
presents no serious difficulty. 

F. The Digestive System. 

1. The alimentary canal is a convoluted tube the greater 
part of which lies in the visceral mass, imbedded in 
the liver and generative organ, while the terminal 
portion runs back through the pericardial cavity to 
the anus. 

Insert a seeker into the mouth, and using this as a guide 
slit up the oesophagus and stomach tvith scissors^. Slit open 
in a similar fashion the whole length of the intestine, begin- 
ning at the rectum and working backwards to the stonMch 
(cf. fig. 27, p. 91). 

a. The mouth lies immediately behind the anterior 
adductor, and between the lips formed by the 
palps : there are no jaws. The food, which con- 
sists of minute organisms of various kinds, both 
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animal and vegetable, is swept in at the hinder 
end of the shell by the inhalent stream of water, 
and carried forwards to the mouth by the action 
of the cilia covering the palps. 

b. The oesophagas is a short straight tube passing 
almost vertically upwards behind the anterior 
adductor. 

e. The stomaoli is a slightly dilated chamber whose 
cavity is partially subdivided by folding of its 
walls. 

d. The intestine arises by a small orifice from the ven- 

tral surface of the stomach, and runs backwards 
and downwards into the visceral mass, where it is 
closely surrounded by the generative gland. It 
follows the course shown in fig. 27, and finally 
passes into the rectum. 

e. The rectum, which is rather wider than the intes- 

tine, runs upwards through the visceral mass to 
the anterior end of the pericardial cavity, through 
which it runs back horizontally, surrounded by 
the ventricle. Behind the pericardial cavity it 
turns slightly downwards, runs over the posterior 
adductor, and opens into the cloacal cavity by a 
slit-like anus. 

The ventral wall of the rectum is folded so 
as to form a prominent longitudinal ridge, the 
t3rphlosoIe, projecting into its cavity. Thistyph- 
losole is largest at the junction of the rectum with 
the intestine. 

2. The liver is a large many-lobed gland surrounding the 
stomach and adjacent parts of the oesophagus cmd 
intestine, and opening into the stomach by several 
bile-ducts. 

0. The Seproduotive System. 

The sexes are separate. The reproductive organs are 
simple, and very similar in the two sexes. 
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The ovary, or testis, is very large, and, when the sexual 
products are ripe, fills up the greater part of the visceral 
mass between the foot and the kidneys. The ducts converge 
on each side to the genital aperture, which lies on the side of 
the body immediately below the opening of the ureter. 

Tecue a small portion of the ovary, or testis, in salt 
solution or glycerine ; cover, and examine it with low amd high 
powers. 

In the female the eggs, after they escape from the genital 
aperture, pass in large numbers into the space between 
the two lamellffi of the outer gill, which they distend very 
greatly. Here they develop into embryos known as gloehidia, 
which are in many respects very unlike the parent. They 
have bivalved shells, each valve of which is triangular and 
incurved at its apex so as to form a sharp tooth, the teeth of 
the two valves constituting an efficient pair of pincers. There 
is only a single adductor muscle ; the gills are absent or 
rudimentary, as also is the foot. A long coiled filament, the 
bysgUB, serves to anchor the glochidium to the gill. 

Take a female in which the outer gills are distended with 
embryos : cut the gill across ; remove some of the embryos, 
mount them on a slide in water, and examine them with a 
microscope. 

XXL EXAMINATION OF TRANSVERSE SECTIONS. 

Several points in the anatomy of the mussel, and notably 
the relations of the gills, kidneys, and heart, are best studied 
by means of a series of transverse sections. 

For this purpose take a good-sized specimen, and put it 
into ^ per cent, chromic acid^ wedging the valves slightly open 
so that the acid may have free access to the branchial cavity. 
After a couple of days transfer it to spirit and keep it till 
wanted. 

To make the sections, remove both valves of the shell care- 
fully ; place the animal on a board, and 0ut it transversely 

H 
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with a razor into a series of slices about a quarter of an inch 
thick ; arrange the sections in order in a dissecting dish under 
water ; examine and draw them. 

The most instructive sections are those passing, (1) through 
the renal and reproductive apertures ; (2) through the middle 
of the ventricle; (8) through the posterior adductor. The 
chief features of these sections are as follows. 

A. Transverse Section through the Renal and Reproductive 
Apertures. 

The section passes through the widest part of the body, a 
little way behind the umbo. 

1. The mantle-folds arise very close to the dorsal surface, 

one on each side of the pericardial cavity. The 
folded margin which secretes the two outer layers 
of the shell should be noticed. 

2. The visceral mass is large and laterally compressed, 

and lies in the naiddle of the section between the two 
mantle-lobes. The chief part of its substance is 
made up of the lobes of the ovary, or testis. The 
ventral edge of the visceral mass is produced into the 
wedge-shaped muscular foot. 

8. The alimentary canal. The coils of the intestine are 
seen in the visceral mass, imbedded in the genera- 
tive gland, and cut across about half a dozen times. 
Lying in the pericardial cavity in the median line 
immediately beneath the dorsal surface is the rectum, 
in which the t3rphlo8ole or fold of its ventral surface 
is well seen. 

4. The gills lie in the dorsal half of the mantle-cavity, 
between the visceral mass and the mantle. The 
attachments of their lamellsB to the body-wall are 
well seen. The inner lamella of each inner giU is 
attached to the base of the visceral mass. 

At the base of each gill is the supra-branchial 
canal, along which the respiratory stream of water 
flows backwards to the cloacal cavity. 
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^. The oironlatory system. 

a. The pericardial cavity is nearly circular in outline ; 

its roof and sides are thick and spongy, forming 
what is spoken of as Keber*s organ. 

b. The anterior aorta hes on the dorsal surface of 

the rectum, and its cavity is slit-like in section. 

c. The vena cava lies in the median plane between the 

excretory organs and the visceral mass. 

6. The excretory organs are paired, and lie between the 

pericardium and the visceral mass. 

a. The glandular portions, or kidneys proper, are cut 

across close to their anterior ends. They are 
seen as a pair of small tubes, with glandular 
longitudinally folded walls, lying side by side just 
above the visceral mass and opposite the bases of 
the inner gills. 

If the section has passed a little in front of 
the excretory apertures, the passages from the 
pericardial cavity to the anterior ends of the 
kidneys are well seen. 

b. The ureters are cut through at the part where they 

communicate with each other across the median 
plane : they appear as a wide cavity immediately 
below the pericardium and above the kidneys. 
The external openings are to the outer sides of 
the kidneys, between the two lamellsB of each 
inner gill. 

7. The reproductive apertures are immediately ventral to 

the excretory apertures ; they may be followed with 
a seeker into ducts leading from the genital gland. 

B. Transverse Section through the Middle of the Ventricle. 

1. The mantle-lobes have the same appearance as in the 

previous section. 

2. The visceral mass is cut across close to its posterior end, 

and hence is much smaller than in the previous sec- 
tion : it is occupied almost entirely by the ovary, or 
testis. 

H 2 
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8. The alimentary oanal. The intestine is cut across twice 
in the visceral mass ; and the rectum with the 
typhlosole is cut across as it lies in the pericardial 
cavity. 

4. The gills. The attachments of the gills are the same 
as in the previous section, except that the inner 
lamella of the inner gill ends in a free edge above. 

At the base of each gill, between its lamellflB, is a 
wide supra-branchial oanaL The inner canal of each 
side communicates with the branchial cavity through 
the slit between the unattached inner lamella of the 
gill and the base of the visceral mass. 

6. The circulatory system. 

a. The pericardial cavity is very much larger and has 

thinner walls than in the previous section, and is 
triangular in shape. 

b. The ventricle surrounds the rectum : its outer wall 

is thick and muscular, its inner wall thin. 

c. The auricles are a pair of very thin- walled sacs lying 

at the sides of the pericardial cavity. Each is 
attached along its outer side to the wall of the 
cavity, and by its inner border to the ventricle, 
into which it opens by a slit-like valved aperture. 

d. The vena cava is a median thin-walled tube lying 

in the floor of the pericardium. 

6. The excretory organs. 

a. The kidneys are two wide tubes with thick spongy 

walls, whose epithelium is glandular, pigmented, 
and folded. They lie below the pericardium, above 
the visceral mass, and opposite the bases of the 
inner gills. Their inner walls are in contact with 
each other below ; and are separated dorsally by 
the vena cava, from which large sinuses enter 
them. 

b. The ureters are a pair of thin-walled tubes lying 

along the dorsal surface and outer sides of the 
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Iddnefs, immediately below the pericaidiom. 
The; are separated from each other in the median 
plane by the veoa cava. 



Fia. 9B, — AnodonU erpiM. Ttaneverae Beetioa of the animsl puaiug 
through the middle ot the length ot the veDtride. The oftvit; (rf 
the heart is dotted. {^ u. m.) 

A. ■bell. ATT, lert urlala. B, linment. BC, bnaoUkl oTitj. 
T. 'wt. Z, IslenlDB. lO, left loner gUl. K, leK UdneT. KO, Kebo'i 
orgu of the right ride. tiM, left muitle-labe. OO. IfA °°t«r glll. 
PO. perlmdiil csTlt;. H. csTlty ot notiim. RQ, geult>l glaod, otmij or 
twtli. HM, edge o( right mimtle-lobe, HO, mpni-bniachtal ou*l ot right 
ooter glil. T..^hli»ole. U. left ureter. V, wall d( lenlriclB. IT', mvlti 

X. free apiwr edge of the Inoer lunelU of the right Inner glU : betweea thli 

wit]) tha •npn-bruchlAl amul of t^e lonei gUI. T, tbe right cenhro-TlMgn] 
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7. The nervonB Bjrstem. 

The connectives between the cerebral and visceral 
ganglia lie side by side, between the two kidneys and 
immediately below the vena cava. 

C. Transyerse Section through the Middle of the Posterior 
Adductor Husde. 

1. The posterior adductor is a large mass of transverse 

muscular bands running across the dorsal part of the 
section. 

2. The gills are cut across close to their hinder ends, and are 

small. The inner lamellsB of the two inner gills are 
united with each other in the median plane, forming a 
horizontal septum which separates the large branchial 
chamber below from the wide but shallow supra- 
branchial or exhalent chamber. 

8. The rectum lies immediately dorsal to the adductor 

muscle. The typhlosole is still present. 
4. The visceral ganglia lie side by side on the ventral 
surface of the adductor. 
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Chapter VII. 

THE EDIBLE SNAIL. Helix pomatia. 

The snail is a terrestrial animal, feeding on leaves and other 
vegetable matter which it rasps off with its toothed tongue 
or odontophore. The dorsal surface of the body carries a 
spirally coiled oniyalye shell, which lodges most of the viscera, 
and within which the entire animal can be withdrawn for 
protection. It breathes air by means of a pulmonary chamber, 
formed by a fold of skin — the mantle — on the dorsal surface. 
It is hermaphrodite, but incapable of self-fertilisation. 

The edible snail occurs in many parts of England, and 
can be readily obtained from dealers in Paris. On account of 
its large size it is preferable to the commoner English species, 
H, aspersa, to which, however, the following description will 
apply with but slight modification. 

Snails are best killed by drowning them in water, when 
they die in an expanded condition in about two days. In 
winter the mouth of the shell is closed by a plate of calcified 
mucus, the epiphragm, which must be removed before putting 
the snail in water. When dead the snail should be put into 
spirit for a short time before it is dissected, in order to coagu- 
late the mucus. 

I. EXTERNAL CHARACTERS. 

A. Before Eemoyal of the Shell. 

1. The shell is a right-handed conical spiral, each turn of 
which overlaps and conceals the greater part of the 
preceding turn. In the fully formed shell there are 
about four and a half turns in the spiral. 
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The shell is placed obliquely on the back of the 
animal with its apex to the right : its mouth is in 
front, and faces downwards and to the right. Like 
the shell of the mussel it is a cuticular structure, t.e. 
it is outside the epidermis. It has therefore no power 
of interstitial growth, but can only increase in size 
by the addition of new shell-matter round its free 
edge or mouth. 

The shell will be more fully described after its 
removal from the body. 

2. The part of the animal outside the ahelL This consists 
chiefly of the head and the foot, and will vary greatly 
according to the degree of protrusion of the animal 
from the shell. It has a mammillated surface. 

a. The head is the rounded anterior extremity of the 

animal. It bears the two pairs of tentacles and 
the mouth. 

i. The posterior or dorsal tentacles are a pair of 
long fleshy cylindrical processes of the dorsal 
surface of the head. They are very freely 
movable, and can be completely withdrawn by 
invagination when the animal is disturbed. 
Each bears an eye at its extremity, which 
is only visible when the tentacle is fully 
protruded. 

ii. The anterior or ventral tentacles are a pair of 
much smaller processes arising from the sides 
of the head, below and in front of the larger 
tentacles. Like these latter they can be com- 
pletely withdrawn by invagination. 

b. The foot is a large flattened muscular expansion of 

the ventral wall of the body. It is of an elongated 
oval shape, commencing in front with a rounded 
anterior border immediately below and behind 
the head, and narrowing behind to a long pointed 
extremity. A median longitudinal groove runs 
along its ventral surface. 
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€. The collar is a thickened fleshy rim surrounding 
the mouth of the shell, and separated by a deep 
groove from the body, which it encircles. It is 
thicker at the sides than in front or behind, and 
is especially thick on the right side in the angle 
of the mouth of the shell. 

4. The external apertures. 

i. The mouth is a small aperture on the ventral 
surface of the anterior end of the head. It 
is bordered at the sides by two prominent 
lateral lips, and is separated from the foot by 
a less conspicuous inferior lip. 

Pass a seeker into the mouthy and then upwards and 
ha>ckwards into the cavity of the buccal mass, 

ii. The genital aperture is on the right side of the 
head, behind and below the larger tentacle, and 
immediately behind the posterior edge of the 
right lip. From it a groove runs backwards 
along the dorsal surface of the body : a similar 
groove runs along the left side. 

Pass a seeker into the genital aperture, and backwards 
^long the genital passage, 

iii. The respiratory or pulmonary aperture. On 
the right side of the collar at its widest part 
is a deep notch, at the dorsal end of which 
is a large round hole, the respiratory aperture, 
leading into the pulmonary chamber. 

Wash away the mucv^ from the collar on the right side ; 
tclean the notch in the collar, and pass a seeker through the 
respiratory aperture into the pulvumary chamber, 

iv. The anus is a smaller slit-Hke hole, immediately 
below and to the right of the respiratory 
aperture. From it a spout-like groove runs 
forwards to the edge of the collar. 

Clean the anal opening and groove, and pass a seeker 
4nto the anus and back along the rectum. 
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Y. The aperture of the pedal gland (p. 121) is 
immediately below the inferior lip, between 
the head and the foot. 

Pass a seeker into the aperture, and backwards along the^ 
gland. 

B. After Hemoyal of the Shell. 

TtDist the animal out of the shelly taking care not U> 
damage the upper part of the body in so doing. The shell 
comes off readily if tJie snail has been put in spirit for a short 
time after drowning. 

1. The shell. 

a. The colour varies a good deal in different specimens. 

The ground colour is a yellowish brown, marked 
by darker longitudinal bands rimning round the 
spiral, and by transverse bands corresponding to- 
the lines of growth. 

b. The nucleus is the oldest part of the shell, at the top 

of the spiral, corresponding to the umbo of the 
mussel-shell. 

c. The mouth is oval, and notched posteriorly by the 

penultimate turn of the shell. Its Up is smooth 
and slightly everted. 

d. The lines of growth are transverse ridges parallel 

to the mouth, and indicating successive positions 
of the mouth during the growth of the shell. 

e. The umbilicus is an opening on the under surface 

of the shell leading into the hollow axis or 
columella. It is sometimes closed. 

Clip away one half of the shell with bone-forceps, and 
grind the cut edges flat on a file or stcme. 

f. The columella is the axial portion of the shell 

round which it is coiled ; it is formed by the inner 
wall of the several turns, each of which overlaps 
rather more than half of the preceding one. 

g. The structure of the shell. The shell, like that of 
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the mussel, consists of three layers, of which the 
outer and middle ones are formed by the collar, 
and consequently can only increase by additions 
roimd the mouth of the shell. The inner layer 
is formed by the integument covering the vis- 
ceral mass. 

i. The periostxacum or outer layer is homy and un- 
calcified. To it the colour of the shell is due. 
It is usually rubbed off the uppermost turns- 
of the shell, leaving the middle layer exposed. 

ii. The middle layer is much the thickest of the 
three. It is densely calcified, and has an 
opaque porcellanous appearance. 

iii. The inner or nacreous layer has a glistening, 
pearly appearance, and a very smooth surface. 
It is formed by the superposition of a number 
of delicate, densely calcified laminse. 

2. The visceral hump is the part of the snail which is per- 
manently lodged within the shell. It is the elongated 
and spirally coiled dorsal part of the animal, and 
contains the greater part of the viscera. It ia 
covered by a very thin layer of integument which 
secretes the nacreous layer of the shell, and which 
is sufficiently transparent to allow the several organa 
to be seen through it. 

For convenience of description the basal or largest 

turn of the spiral, commencing with the coUar, wUl 

be spoken of as the first turn, the next as the second, 

and so on. 

Place the snail in a dissecting dish under water^ and 

determine the positions of the organs mentioned below, Not^ 

that the outer side of the spiral corresponds to the animaVs 

left side, and the inner side to the animaVs right. 

a. The kidney is a large, somewhat triangular body,, 
of a yellowish-white colour and granular appear- 
ance, lying about half-way round the first tura 
of the spiral, opposite to the collar. 
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b. The pericardinm, enclosing the heart, is an oval 
sac, lying immediately to the left of the anterior 
half of the kidney, which is notched to receive it. 

0. The mantle, forming the thin roof of the respiratory 
cavity, extends forwards along the dorsal sur&ce 
and left side of the body, from the pericardium 
and kidney to the collar. 

d. The liver is a dark reddish-brown mass, which 

begins immediately beyond the pericardium and 
kidney, and extends to the top of the spiral. 

e. The intestine is a thin- walled tube, much paler in 

colour than the liver, and appearing on the surface 
at one or two places in the first and second turns 
of the spiral. 

f. The rectum runs along the right border of the first 

half-turn of the spiral, just below the ridge-like 
thickening which borders the right or inner side 
of the spiral. 

g. The albumen gland is a large white or yellowish 

mass at the junction of the first and second 
turns of the spiral. It separates the right and 
left lobes of the liver from each other. 

h. The hermaphrodite gland is a small yellowish body 
on the inner side of the upper half of the second 
turn of the spiral. 

i. The oolumellar muscle, by which the animal can be 
retracted within the shell, runs along the right 
or inner side of the spiral, and is attached to the 
columella in the upper half of the first turn. 



n. DISSECTION OF THE MANTLE-CAVITY AND ORGANS 

IN RELATION WITH IT. 

The respiratory or mantle-cavity of the snail lies along 
the dorsal surface, commencing at the collar, and extending 
backwards rather more than three-fourths of the way round 
the first turn of the spiral. It is formed by a transverse fold 
of skin which, arising from the dorsal surface of the visceral 
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mass, growB forwards along the back, ending in front in & 
tbickoned rim, the collar. Between the mantle-fold and the 
back of the animal, ie the large mantle'^aTity, which at first 
opens anteriorly by a wide orifice. Fusion of the collar with 
the body-wall lednces this orifice to a email round apertora 
placed on the right side — the respiratory or pulmonary aper- 
ture — through which air alternately enters and leaves the 
cavity during respiration. 



Fio. 99.— Halix pommtU. DisBectiaii from the right side to shoir the 
nuDtle-c&vit; and organs in lelntion \rith it. The arrow piwseB 
through the pulmonarj apertare into the mftntle-eftTity. The aheU 
And the upper part of the spiral visoerol mass have been removed. 
(a. h. m.) 

A.uirlcle. B, anui. C, coIIht. D, doiwl txyly-v&ll familag the Boot of 

theqiwitlisoLvlli. B. tjc. F.toot. 0,jt«nit«l sperture. H. giootc Iridlni 

..,™,...|a„rturo. K, kidney. I>. Up. P. pnItnoiiH>' vein. PA. pulmoiiMT 

. FC, pulmnnar; or mutle-oaTlt)'. FT. pulnianArf leuela Id n»r 



tnior Uatacle. T, pcxUrlor tcnUcle. IT.uretiiT, V, Tentricle. 

La close relation with the mantle-cavity are the reotum, 
the heart, and the kidney and ureter. 

Place the snail in a dissecting dish under water, and pin 
it firmly down through the foot, with the dorsal surface 
upward. Open the mantle-cavity by a transverse incision 
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ihrottgh its thin roof, immediately behind the collar. Extend 
this incision backwards along each side of the cavity to its 
posterior end, cutting along the left side close to the junction 
of the mantle and body-wall, o,7id along tJie right side about 
a quarter of an inch to the left of the prominent ridge that 
borders this side, midway between this and the right border of 
the kidney. 

Turn back the roof of the mantle-cavity, and pin it down 
^o a>s to fully expose the pericardium and kidney. 

A. The Walls of the Hantle-cayity. 

1. The roof and sides of the cavity are formed by the 

mantle itself, a thin fold of skin which bears on its 
under surface a very rich network of large blood- 
vessels, especially abundant in front and along the 
right side. 

These vessels, in which the blood is aerated, unite 
to form a large trunk, the pulmonary vein, which 
takes back the arterialised blood to the heart, run- 
ning along the left side of the kidney. 

The mantle is greatly thickened in front to form 
the collar : posteriorly it is thickened by the kidney 
and pericardium, both of which lie in its substance. 

2. The floor of the cavity, which is formed by the dorsal 

wall of the body, is muscular, and strongly arched 
from side to side. Contraction of its muscles causes 
flattening of the floor, and thus enlarges the cavity, 
causing an inrush of air through the pulmonary 
aperture. On relaxation of the muscles the floor 
resumes its previous convex shape, diminishing the 
size of the cavity and effecting expiration. 

By alternate contraction and relaxation of the 
floor of the mantle-cavity the air is continually 
renewed, and the cavity thus becomes a true lung. 

B. The Organs in relation with the Hantle-cavity. 

1. The pericardial cavity and heart. 

a. The pericardial cavity, which has already been seen 
from the exterior, is oval, thin-walled, and half 
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an inch or more in length. It lies in the roof of 
the mantle-cavity at its posterior end and left side 
and is in close contact with the left side of the 
kidney about the middle of its length. 

Open the pericardial cavity to expose the heart. 

b. The heart has two chambers, of about equal size. 

i. The auricle is proximal, i,e. nearer the collar, 
and has thin walls. It receives in front the 
pulmonary vein, which returns to it aerated 
blood from the lung. 

ii. The ventricle is the pear-shaped distal division 
of the heart, with thick muscular walls. It 
receives aerated blood from the auricle, and 
drives it through the aorta to all parts of the 
body. 

The blood-vessels will be described later on. 

2. The kidney and ureter. 

a. The kidney is a large, pale yellow, triangular body 
in the posterior part of the roof of the mantle- 
cavity. Its left side is notched to receive the 
pericardium, which lies close against it. 

i. The reno-pericardial canal is a narrow ciliated 
passage leading from the pericardial cavity to 
the kidney. Its pericardial opening is about 
the middle of the length of the cavity, oppo- 
site the ventricle, and close to the inner or 
ventral border of the septum between the 
pericardial cavity and the kidney. 

To see the reno-pericardial passage make a small hole 
into the pericardial cavity, and inject it with carmine or other 
colouring matter in suspension. This will pass into the kidney 
along the passage, which can then be readily followed. 

ii. The structure of the kidney. The kidney is a 
sac lined by a glandular epithelium, and with 
its walls thrown into a large number of 
lamellar folds projecting into its cavity. 
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Slit open the kidney longitudinally : wash it out with a- 
gentle stream of water, and note its structure. 

b. The ureter is a thin-walled duct which commences 
at the proximal end of the kidney and runs back 
along its right side to the distal end. It then 
turns sharply forwards, and runs along the right 
side of the mantle-cavity to its anterior end^ 
lying dorsal to the rectum, and just within the 
prominent ridge-like fold that marks the junction 
of the roof and right side of the mantle-cavity. 

In front it opens into the mantle-cavity imme- 
diately above and to the right of the puhnonary 
aperture. The opening is slit-like, and is con- 
tinued as two divergent grooves with prominent 
lips, which run down the right and left sides of 
the pulmonary aperture, the right groove being 
continuous below with the spout-like aperture of 
the rectum. 

Insert one blade of a pair of scissors into the pulmonary 
aperture from the outside, and cut through the collar, keeping 
close to the left side of the aperture. Turn the right lip of 
the aperture over to the right side. Pass a seeker into the 
rectum from the anus so as to identify it. Note the ureter 
running along the right side of the rectum, but dorsal to it in 
the natural position of the parts. Trace the ureter forwards 
to its opening, and inflate it with a blowpipe. Insert a seeker 
into the opening ; and, using it as a guide, slit up the ureter 
along its whole length, following it back to the hinder end of 
the mantle-cavity, and then forwards close alongside the kidney 
to its anterior end, into which it opens. 

8. The rectum is a wide tube running along the right side 
of the mantle-cavity, ventral to the ureter. It opens 
in front at the anus, which has already been seen. 

Insert a bristle or seeker into the rectum from the anus, 
and note carefully the relations of the anus and the respira- 
tory and renal apertures. 
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m. DISSECTION OF THE DIGESTIVE SYSTEM. 

Cut away the part of the collar to the left of the pul- 
monary aperture. Detach the right side of the collar ^ with 
the anal aperture, from the body-wall. Separate the rectum 
from the body by cutting along the right side of the mantle, 
just below the rectum, as far back as the hinder end of the 
mantle-cavity. Turn the rectum back, and pin it down. 

Make a median longitudinal incision through the floor of 
the mantle-cavity, and continue it forwards along the head to 
its anterior end. Dissect the flaps away from the underlying 
parts, and pin them out right and left. 

Carefully dissect off the thin skin covering the spiral 
visceral nuiss ; and unravel the reproductive organs, which 
are white in colour and very bulky, and the alimentary canal, 
the coils of which are very intimately connected with the liver. 

Arrange the reproductive organs on the right, the digestive 
organs on the left side of the dissection. 

The removal of the integument from the visceral mass 
requires care, but presents no great difficulty. Special care is 
needed at the posterior end of the mantle-cavity, where the 
parts are rather firmly bound together. 

The dissection is greatly facilitated by frequent washing 
under the tap. 

A. The Alimentary Canal. 

The alimentary canal is a convoluted tube, of nearly uni- 
form size along the greater part of its length, but presenting 
special features in its anterior portion. 

1. The buccal mass or pharynx is the enlarged anterior end 
of the canal, into which the mouth opens. It forms 
a prominent rounded mass in the head, with stout 
muscular walls, and will be more fully examined 
at a later stage of the dissection. It contains the 
odontophore (p. 122). 

Insert a seeker into the mouth, and note that it pa sses 
upwards and backwards into the buccal mass. 

I 
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2. The OBSophagiu is a narrow thin-walled tube, which 
arises from the dorsal surface of the buccal mass 
and runs backwards, passing into the crop. 

5. The crop is a large fusiform thin-walled dilatation of 

the alimentary canal, lying partly in front of the 
visceral hump, partly in the first turn of the spire. 
It is widest about the middle of its length, and 
gradually narrows behind. 
4. The ' stomach * is a slightly dilated loop of the alimentary 
canal, between the crop and the intestine. It lies 
close to the surfetce of the visceral hump, near the 
commencement of the second turn of the spire, and 
between the right and left lobes of the liver. 
Its mucous membrane is thrown into longitudinal 
folds, 

6. The intestine describes a somewhat S'^haped course, 

and is embedded in the liver, from which it is not 
very easy to separate it. From the stomach it runs 
back round the first turn of the spiral, lying in a 
groove on the outer side of the left lobe of the 
liver, to the hinder end of the mantle-cavity, where 
it passes into the rectum. It is superficial along a 
great part of its course. 
6. The rectum has already been traced along the right side 
of the mantle-cavity to the anus. 

B. The Digestiye Olands. 

1. The salivary glands are a pair of large white lobulated 
glands lying on the upper surface and the sides of 
the crop, to the walls of which they are attached by 

Fio. 30. — Helix po2natia. Dissection from the right side to show the 
digestiye and reproductive systems, (a. m. m.) 

A* anas. AG, albumen gland. B. buccal mhSR. O, sac of odontophore. 
OQ-i cerebral ganglion. D, jaw. S, mouth. F, flagellum. G, genital 
aperture. H, crop. HD, hermaphrodite duct. HG, hermaphrodite gland. 
I, intescine. K. <uurt sac. Xj, mucous glands, IjD, left bile-duct. XjXj, left 
lobes of liver. M, female portion of the common duct. X, male portion of 
the common duct. O, receptaculum semlnis. O', dilated end of receptaculum 
seminis. P, penis, retracted. FG, pedal gaiiirlion. H, rectum. BD, right 
bUe-dact. BJj, right lobe of liver. S, * stomach.' SD, salivary duct. SGi 
salivary gland. T, tentacle. VD, vas deferens. VGi viscero-pleural gan- 
glion. 7, eye. Zi, posterior end of foot. 

I 2 
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numerous strands of connective tissue. Their ducts^ 
which are long and slender, run forwards and open 
into the buccal mass, one on each side of the 
oesophagus. 

2. The liver is a very large bilobed gland, of a reddish- 
brown colour, which forms a large part of the visceral 
hump. 

a. The left lobe of the liver is the larger of the 

two, and is partially subdivided into three lobes. 
It lies in the upper half of the first turn of the 
spire, immediately behind the mantle-cavity, and 
is grooved on its outer surfetce by the intestine. 
It has three main ducts, which unite to open by 
a single large aperture into the left side of the 
stomach. 

b. The right lobe of the liver occupies the greater 

part of the second and upper turns of the spire. 
It is separated from the left lobe by the posterior 
end of the crop, the stomach and the commence- 
ment of the intestine, and the albumen gland. 
It has one large duct, which opens into the right 
side of the stomach, almost opposite to the left 
duct, but slightly beyond it. 

Slit up the stomachy and wash out its contents. Note the 
openings of the bile-ducts, and follow these with a seeker into 
the lobes of the liver. 

IV. DISSECTION OF THE REPRODUCTIVE SYSTEM. 

The snail is hermaphrodite, but does not fertilise its own 

ova. As is usual in such cases, the reproductive organs are 

extremely complex. 

1. The hermaphrodite gland is a small yellowish body 

lying on the inner side of the second turn of the 

spire, and closely imbedded in the right lobe of the 

liver. Within it both ova and spermatozoa are 

produced. 
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Place a small piece of the hermaphrodite gland on a slide 
in a drop of water : tease it slightly : cover ; and examine 
with low and high powers. 

The gland consists of a number of finger-like 
follicles, in each of which ova are developed in the 
outer wall, and spermatozoa in the more central 
part. The ova are large round granular cells, with 
very large reticulate nuclei : the spermatozoa, which 
are generally aggregated in wisp-like bundles, have 
small rod-like heads and very long tails. 

!2. The hermaphrodite duct is a very sinuous duct of a 
whitish colour, lying along the inner side of the spire 
close to the columella, and opening into the inner 
side of the albumen gland. 

S, The albumen gland is an elongated compact yellowish 
white body, varying greatly in size at different times. 
It lies in the upper half of the first turn of the spire 
along its inner side, between the stomach and the 
left lobe of the Hver. 

4, The common duct arises from the end of the albumen 
gland, close to the point of entrance of the herm- 
aphrodite duct, and runs forwards through the body 
almost to the head, lying along the right side of the 
crop and oesophagus, and slightly ventral to these. 

It is very wide, and along the greater part of its 
length is incompletely divided by a longitudinal 
septum into two parallel ducts. Of these one, the 
walls of which are thrown into very numerous and 
prominent transverse folds, serves for the passage of 
the ova ; while the other, which transmits the sper- 
matozoa, has a comparatively smooth surface, but 
has its walls thickened by a whitish glandular pro- 
static mass. At their anterior ends the two ducts 
separate completely from each other as oviduct and 
vas deferens respectively. 

SUt open the common dtict longitudinally ; and note the 
septum, which partially divides it into male and female ducts. 
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5. The male duct and its accessory organs. 

a. The vas deferens is a slender, slightly convolated 

tube of uniform diameter, which runs forwards 
along the inner side of the female organs, between 
these and the buccal mass, passes under the 
retractor muscle of the right upper tentacle, and 
then runs back to open into the base of the penis. 

b. The flagellum is a long tubular diverticulum, which 

arises from the vas deferens just before it reaches 
the penis. It lies along the dorsal surface of the 
crop and other viscera. In it the spermatozoa 
are agglutinated together to form a long rod-like 
body, the spermatophore. 

c. The penis is a muscular tube continuous with the 

vas deferens, and lying somewhat obliquely across 
the oesophagus just behind the buccal mass ; it 
opens to the exterior at the genital pore, through 
which it can be protruded. 

To the penis is attached the retractor penis 
muscle, a narrow muscular band, which arises 
from the floor of the mantle-cavity, and runs 
downwards and forwards to its insertion. 

6 The female duct and its accessory organs. 

a. The oviduct is a short thick-walled tube, running 

forwards from the point at which it leaves the vas 
deferens. 

b. The vagina is a thick-walled tube into which the 

oviduct opens behind, and which runs forwards 
to open with the penis at the common genital 
pore. 

c. The mucous glands are two tufts of tubular glands, 

opening by a pair of apertures into the vagina : 
each tuft consists of thirty to forty finger-like 
processes. 

d. The dart sac is a large pyriform sac opening into 

the vagina just beyond the mucous glands. It 
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hspS very thick walls, and contains a quadrangular 
calcareous spicule. 
e. The spermatheca, or receptaculum seminis, is a long 
ccecal diverticulum from the hinder end of the 
vagina. It lies alongside the common duct, and 
its hinder end is expanded into a globular dilata- 
tion just behind the pericardium and kidney. It 
is of about the same length as the flagellum, and 
serves to lodge the spermatophore received from 
another snail. 

A small diverticulum is very commonly given 
off about a third of its length from the vagina. 
In H, aspersa this is largely developed and forms 
the longer portion of the spermatheca. 

Care must be taken not to mistake the sperma- 
theca for the vas deferens, nor to cut away its glo- 
bular dilatation during the dissection of other 
parts. 

V. DISSECTION OF THE NERVOUS SYSTEM. 

The nervous system consists of paired ganglionic masses 
placed above and below the alimentary canal, and joined 
together by nerve-coromissures and connectives so as to 
form a collar encircling its anterior end. When the head is 
protruded this collar surrounds the oesophagus immediately 
behind the buccal mass ; but when the head is retracted the 
buccal mass is pulled back through the collar, which then 
lies in front of it. 

From these principal ganglia, nerves radiate outwards to 
the various parts of the body. The ganglia are enveloped in 
a rather dense layer of connective tissue, which must be 
removed before their shape can be determined. 

1. The supra-OBSophageal or cerebral ganglia are a pair of 
closely apposed pyriform masses, forming a broad 
transverse band across the dorsal surface of the ali- 
mentary canal. 

From the outer ends of the ganglia large nerves 
run to both pairs of tentacles and to the Hps. 
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From their under or ventral sor&ce a pair of buc- 
cal nerves run forwards alongside the oesophagus, 
and end in a pair of small buccal ganglia, which He 
at the outer sides of the salivary ducts close to their 
openings into the buccal mass. The buccal gangha 
are united by a transverse commissure, and from 
them nerves arise supplying the buccal mass. 

From the posterior and outer border of each 
supra-oesophageal ganglion two stout connectives 
pass downwards and slightly backwards to the sub- 
oesophageal gangha. Between these two on each 
side is the slender auditory nerve. 

2. The 8ub-0B8opliageal ganglia are a number of closely 
approximated ganglionic masses, the boundaries of 
which are difficult to determine. The anterior aorta 
runs through the centre of the mass, marking the 
division between the antero-inferior portion, or pedal 
g^anglia, and the postero-superior portion, or visoero- 
pleural ganglia. 

a. The pedal ganglia are a pair of closely apposed 

masses, from which a number of large nerves 
pass to the foot. 

b. The viscero-pleural ganglia consist of at least two 

pairs of ganglionic masses, closely apposed to each 
other and to the pedal ganglia. From them large 
nerves pass outwards to the viscera and to the 
body-wall. 

8. The structure of the ganglia. 

Be7nove one of the ganglia ; pUtce it in 1 jper cent, acetic 
a^cidfor a short time to soften the connective tisstce, and then 
tease it on a slide in glycerine. Cover ; and examine it with 
low and high powers. 

The nerve-cells are large granular cells with very 
large and distinctly reticulate nuclei, and with long 
branching processes by which they are connected 
with one another and with the nerve-fibres. 
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VI. THE SENSE ORGANS. 



1. The eyes are placed one at the end of each of the larger 

tentacles, and are only exposed when these are fully 
protruded. Each receives a branch from the large 
nerve supplying the tentacle. 

Each eye is a small spherical vesicle, the wall of 
which is strongly pigmented in its posterior portion, 
and lined by a layer of retinal cells. The cavity of 
the vesicle is partially filled by a large cuticular lens, 
which projects into it from its anterior wall. 

2. The auditory org^ans are a pair of small spherical sacs 

imbedded in the substance of the pedal gangHa, and 
containing numerous minute calcareous otoliths. 
They are placed at the ends of the auditory nerves,, 
which connect them with the supra-oesophageal 
ganglia. 
8. The pedal gland is a tubular sac extending along the 
greater part of the length of the foot, and opening 
in front by an aperture just below the head. 

It has glandular walls, and is lined by a ciliated 
epithelium. The cells of the ventral wall resemble 
sensory cells in character, and the gland has hence 
been regarded by some writers as, at any rate in 
part, a sensory organ, possibly olfactory in function. 

Pass a seeker into the external aperture of the pedal gland, 
and lay the gland open along its whole length. 

VII. DISSECTION OF THE BUCCAL MASS. 

Bemove the nerve-collar. Cut across the oesophagus and 
salivary glands about a quarter of an inch behind the buccal 
mass, and fix down the Imccal mass firmly by pins through its^ 
retractor muscles. Note the horny jaw, seen as a dark trans- 
verse hoop across the front of the buccal mass ; and the sac of 
the odontophore, which forms a rounded projection from its 
hinder end. 

Slit up the oesophagus with scissors along the mid-dorsal 
line, and continue the cut forwards along the buccal mass as 
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far as the jaw. Separate the two sides so as to expose the 
cavity of the buccal mass, 

1. The odontophore or radula is a brownish-yellow chitinous 

riband lying on the floor of the buccal mass, and 
having its free surface produced into an immense 
number of minute backwardly directed teeth, arranged 
in very regular transverse rows. 

The hinder end of the odontophore is folded lon- 
gitudinally on itself, and lodged in a tubular sac, 
which projects freely behind the buccal mass, and 
within which the odontophore is formed as a cuticular 
secretion of its epithehal lining. The anterior end is 
opened out and rests on a cartilaginous cushion. By 
means of protractor and retractor muscles, the whole 
organ can be protruded from the mouth, and worked 
backwards and forwards with a licking or rasping 
action. As it wears away in front, it is replaced 
by growth forwards from its hinder end. 

Dissect out the odontophore ; clean it ; and mount it on a 
slide in a drop of water or glycerine, with its toothed surface 
upwards. Examine it with low and high powers. 

2. The jaw is a semicircular chitinous bar, strongly ridged 

on its posterior surface, against which the odontophore 
works. 
Dissect out the jaw and examine it with a lens or the 
microscope. 

VIII. THE CIRCULATORY SYSTEM. 

The dissection of the circulatory system must he performed 
on a second snail. 

It is greatly facilitated by injecting the vessels with 
a coloured fluid. The arteries should be injected from the 
ventricle, and the pulmonary vein and its bran^ches from the 
auricle. The venmis system must be injected from several 
pUices ; the right pulmonary sinus is readily injected both 
forwards and backwards, and the pedal sinuses may also be 
injected. 
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1. The arterial sjrstem. 

From the ventricle ariseB a single large veBsel, 
the aorta. This gives off ahnost at once a large 
visceral artery, which runs along the upper sur&ce 
of the liver to the top of the spire, supplying both 
lobes of the liver, the intestine, and the reproductive 
organs. 

The aorta itself rune forwards along the right 
side of the crop, between it and the common duct. 
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Fig. 31, — Halix pomatU. Section taken along the axis of the shell, and 
traDBversel; to the foot. The shell is represented by the thick 
black lln«. (a. u. h.) 

A, nnibllicus. AQ, ulbomen g]iJi/L B, narlcni of shell. C, Drop. 
D, commoD duct. B, Bagel lum. F. foot, O, pulmonu? ifons. HO.herm- 
■phrodlM elBnd. I. Intetllne. K. kidney. 1,1,, Itit lobe uF Htci. HC. 
polmonMJ or nnujlle^sTlty. MO. mucous gl«ndj. p, ped^ glwid. PC 

Bli.riglillobeaf llnr. BU, ntiuloi muKlei. B, apenLktbeo. SO, bII- 
■nijilama. U, ureter. V.'eDtricle. 
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giving off large branches to the salivary glands and 
body-wall. It then continues its course forwards 
along the under surface of the oesophagus ; pierces 
the sub-oesophageal ganglionic mass, passing between 
the pedal and viscero-pleural ganglia; gives off a 
large pedal artery which runs back along the foot ; 
and finally divides into large branches supplying the 
tentacles and buccal mass. 

2. The venous systenL 

The venous system consists partly of tubular 
vessels with definite walls, and partly of irregular 
lacunar spaces, the exact relations of which to the 
arteries and to the body-cavity are not determined. 

Two large irregular pedal sinuses Ue in the foot, 
one on each side of the pedal gland. 

A visceral sinus commences at the top of the 
spire and runs down it, receiving branches from the 
various organs, to the posterior end of the mantle- 
cavity, where it opens into the pulmonary sinus, a 
large vein running all round the mantle-cavity at the 
junction of its sides and floor. Along the right side 
the pulmonary sinus lies immediately ventral to the 
rectum, to which it is closely attached, and from 
which it receives numerous small veins. From the 
pulmonary sinus the blood is carried to the roof of 
the mantle-cavity by the afferent pulmonary vessels : 
these run parallel to one another in the roof of the 
mantle-cavity, interdigitating with the efferent ves- 
sels, with which they are connected by a network of 
thin-walled vessels in which the blood is aerated. 
The efferent vessels unite to form the pulmonary 
vein, a large trunk running straight back in the roof 
of the mantle-cavity to the heart. Just before reach- 
ing the auricle, the pulmonary vein receives a large 
renal vein from the kidney. 
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Chapter VIII. 

THE CRAYFISH. AatacusfluvuitilU. 

The freshwater crayfish is fiairly common in many of the 
streams of England and Ireland, hiding in holes mider the 
banks. It is of a greenish grey colour ; and in form, as well as 
in internal structure, it closely resembles the lobster, to which 
it is nearly related. It moves about slowly, half walking 
on its long thoracic legs, half swimming, but when alarmed 
darts suddenly backwards by violent flexion of its tail or 
abdomen. 

The hard external cuticle of the crayfish is transversely 
jointed, to allow movements of the body and limbs ; and this 
segmentation affects also those internal organs which are 
directly concerned with locomotion, i.e. the muscles, and the 
nerves and blood-vessels supplying them. No segmentation, 
however, is to be seen in the alimentary canal or its glands, 
and none in the excretory and reproductive systems: in 
this respect the Crustacea differ widely from such animals as 
the leech, in which these systems are arranged segmentally. 

Each segment of the crayfish, except the last, bears a 
pair of jointed appendages. These differ greatly in the various 
regions of the body, but are all modifications of one common 
type, and serially homologous with one another. The anterior 
ones form tactile organs, those in the region of the mouth act 
as jaws, and the remainder as organs of locomotion. The 
foremost pair of these latter are of great size, and end in 
powerful pincers used for prehension of food and for offensive 
and defensive purposes. 
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The crayfish is carnivorous, seizing its food, and tearing it 
to pieces by means of the large pincers, aided by the smaller 
pincers of the next two pairs of legs, and then cutting it up 
into little bits with the jaws, which are placed at the sides 
of the mouth. The real chewing is effected afterwards in the 
stomach itself. 

The sexes are distinct. The male and female are very 
similar, but the abdomen is broader in the female. 

The eggs are comparatively large, and are carried about by 
the female, attached to the abdominal appendages, until the 
young are hatched. The newly-hatched crayfish differs con- 
siderably in form from the adult, but has the full number of 
appendages already present. It remains for a time attached 
by its pincers to the appendages of the mother, but soon takes 
to independent life. To allow for the growth of the animal 
the cuticle, which is incapable of interstitial growth, is cast 
off periodically, and a new one secreted. This ecdysis, or 
shedding of the cuticle, occurs three or more times during 
the first year of the animal's Hfe, and afterwards about once 
a year, or less often. It involves not merely the external in- 
vestment of the body and limbs, but the covering of the 
giUs and sense organs, and to a certain extent the lining of 
the alimentary canal. 

Crayfish may be killed almost instantaneously by dropping 
them into boiling water. 

I. EXTERNAL CHARACTERS. 

The body of the crayfish is very obviously divisible into 
an anterior unjointed portion, the cephalothorax, and a jointed 
and flexible hinder portion, the abdomen. 

A. Examination of a Typical Segment of the Body. 

Examine in detail the third or fourth segment of the 
abdomen^ noticing the folUyioing points. 

1. The outicular investment or ezoskeleton of the segment 
is hardened by calcification, except the portions at 
the joints which remain soft to allow of movement. 
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a. The t«r^am is the convex dorsal plate of the 



b. The it«niam is the ventral transverse bar between 

the bases of the limbs. 

c. The pleura are a pair of plates projecting down at 

the sides. 

d. The epimera are the portions of hardened onticle 

between the pleura and the bases of the limbs. 
They are very small in this segment. 



Fid. 32.— AitMU flvvifttill*, var. nobilii. Transverse seotion throngh 
tbe abdomen, (c. h. h.) 

DA. donwl ibdamlnil tnaj. HM. eitenwr rauKles of tbc Hbdomen. 
EP, eplmeion. PM, Oeior mPKles of Ihe Bl>d..m4Q. M, mumlc* of the 
■ppeadjiee, N. eu'lopodlte, NQ. nene gHottlioii, P. prolopndlte : Ihe 
proilmBl joint, which li Ter.v short, hu bMn tlmiMt entirely cut awij ■ iti 
length ii iDaicalHl b; the nolch on the ouCer nlde ol the pmlopoiUCe, Ft,, 
plenroD. PB, proclodieuuL B. •ternum. T, tcrgmn. V, Tcutral shdomlnal 
wttij, X, eiopodiM. 

e. Soft nnoalcified portions connect the segment with 

those in firont of and behind it, and ^ow move- 
ment of one segment upon another. 

f. The jointa between the successive segments are 

provided with a rounded peg or pivot at each side 
on the anterior margin of the tergum, near its 
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junction with the pleuron. This peg fits into a 
corresponding depression in the hinder margin of 
the segment next in front, preventing movement 
of the abdomen from side to side. 
2. The appendages are attached to the sides of the ventral 
snrfjBu^e of the segment, between the epimera and 
the ends of the sternum, by soft patches of cuticle, 
the arthrodial membranes. Each appendage con- 
sists of a two-jointed basal portion, the protopodite, 
supporting distally two many-jointed filaments, the 
endopodite and the exopodite, the former of which is 
nearer the median plane. 

B. The Body. 

This is obviously composed of two parts, the cephaJothorax 
and the abdomen. 

1. The cephalothorax is composed of thirteen segments 
fused together, the fusion being so complete that 
the segmentation is not recognisable on the dorsal 
and lateral surfaces, though it can still be seen 
below. 

The cephalothorax is encased laterally and 
dorsally by a large shield, the carapace. This is 
divided into cephalic and thoracic portions, covering 
respectively the head and the thorax of the animal, 
by the shallow cervical groove, which runs trans- 
versely across its dorsal surfELce, and obliquely for- 
wards at the sides. The thoracic portion of the 
carapace arises as an outgrowth from the hinder 
border of the head, which grows back over the 
thoracic segments, fusing with them more or less 
completely. 

a. The kead, or part in front of the cervical groove, 

is composed of five segments. In it are to be 

noticed the following structures. 

i. The rostrum is a median pointed prolongation 

of the carapace, extending forwards from its 

anterior end. 
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ii. The eyes are paired and mounted on movable 
stalks, one at each side of the rostrum. 

iii. The mouth is far back on the ventral surface of 
the head, and almost hidden by the jaws. 

b. The thorax, or part behind the cervical groove, is 
composed of eight segments. The following 
points are to be noticed in it. 

i. The thoracic portion of the carapace is divided 
by two longitudinal grooves about half an 
inch apart, the branchio-cardiac grooves, 
into a median dorsal portion covering the 
heart, and two large plates, the branchio- 
stegites, which extend down at the sides of 
the thorax and cover the gills. 

ii. The sterna of the thoracic segments are all 
fused together, except the hindmost, which is 
movable. 

2. The abdomen is composed of seven movable segments, 
united by peg and socket joints, which allow of 
movement in a vertical plane only, the limit of 
extension possible being nearly a straight line. 

a. The first abdominal segment is smaller than the 

succeeding ones, and is devoid of pleura. 

b. The segments from the second to the sixth are 

essentially like the typical segment already 
examined. 

c. The seventh abdominal segment or telson is much 

flattened dorso-ventrally, and is devoid of pleura 
and of appendages : it is divided transversely by 
an imperfect hinge, and its ventral surface, which 
is only slightly calcified, is perforated by the 
longitudinal slit-like anus. 

C. The Appendages. 

These are all reducible to a common type composed of the 
three parts, protopodite, exopodite, and endopodite, already 
seen in the appendage of the typical segment, together with 
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an epipodite, which may be a simple plate or may be modified 
to form a gill. From such a typical form all the appendages 
of the crayfish can be derived by variations in form and 
relative size of the various parts, or by total suppression of 
one or more parts. 

In the following description the appendages are numbered 
from before backwards, and are distinguished by the large 
Roman numerals I. to XIX. 

Remove the appendages of the right side one by one^ 
beginning with the hindmost, and taking special care to 
remove ea^h appendage entire. The characters of the smaller 
ones can be best made out by examination in a drop of water, 
between two slips of glass. 

1. The abdominal appendages, excepting the hindmost, are 
of small size, and serve in the female to carry the 
eggs. The last or twentieth segment has no appen- 
dages. 

XIX. The sixth abdominal appendages are broad and 
lamellar, and form with the telson the powerful 
tail-fin. 

i. The protopodite is short, broad and undivided, 
ii. The endopodite is a fiat oval plate, fringed at 

its free edge with setae, 
iii. The exopodite is similar, but larger, and divided 

by a transverse hinge into two parts. 

XVni. The fifth abdominal appendage is a small 
swimmeret. 
i. The protopodite is two-jointed, the small proxi- 
mal joint being named coxopodite, the longer 
distal joint, the basipodite. 
ii. The endopodite is a many-jointed filament 
covered with setae. Its first joint is the 
largest, 
iii. The exopodite is similar, but smaller. 

XYII. and XVI. These two pairs of appendages closely 
resemble XVIII. 
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ZY. In the female this resembles XYIII., but is liable 
to reduction, and may be absent. 

In the male it is normally turned forwards 
and is specially modified for transferring the 
spermatozoa to the female. The protopodite 
and exopodite resemble those of XVIII., but the 
large proximal joint of the endopodite is pro- 
duced distally on its inner side into a short 
plate, rolled longitudinally upon itself to form 
an imperfect tube : the remainder of the endo- 
podite is a small jointed rod as in XVIII. 

XrV. In the female this is reduced or absent. 

In the male it is modified for the same pur- 
pose as XV. It is an unjointed rod, the distal 
portion of which is flattened and rolled upon 
itself to form an imperfect tube. It is probably 
formed of the protopodite and endopodite fused 
together. 

2. The thoracic appendages, of which there are eight pairs, 
fall readily into two groups: a posterior group of 
five pairs of large appendages, XIII. to IX., used for 
walking and prehension, and devoid of exopodites ; 
and an anterior group of three pairs of maxillipedes 
or foot-jaws, VIII. to VL, which possess both exopo- 
dites and endopodites, and aid in passing food to the 
mouth. 

XII. The last but one of the thoracic legs may be 
taken as a type of the series. 

i. The protopodite consists of two joints, of which 
the first, or coxopodite, is short and broad, 
and bears a large gill and a tmft of long fine 
hairs, the 'coxopoditic setse.' The second 
joint or basipodite is much smaller, and bears 
the endopodite. 

ii. The endopodite consists of five joints named as 
follows, beginning at the proximal end : — 
ischiopodite, meropodite, carpopodite, pro- 

K 2 
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podite, and dactylopodite. Of these the mero- 
podite and the propodite are the longest, and 
the dactylopodite is clawlike. 

Zni. This, the last thoracic leg, differs from XII. in 
having no gill. In the male the coxopodite is 
perforated at its inner angle by the genital pore. 

ZI. This resembles ZII., but the propodite is pro- 
longed distally so as to form with the dactylo- 
podite a pair of pincers or chelfls. The inner 
angle of the coxopodite is perforated by the 
genital pore in the female. 

Z. This is like ZI., but has no genital pore. 

IZ. This is similar to Z., but much larger and stouter, 
the terminal chelae being especially large and 
powerful. The basipodite and ischiopodite are 
firmly fused together, as happens occasionally in 
other limbs of the series. 

The anterior group of thoracic appendages, or maodlli' 
jpedeSf can be more easily removed if the anterior portion of 
the branchiostegite be first cut away. 

VIII. The third maxillipede is directed forwards under 
the five appendages in front of it. 

i. The protopodite consists of coxopodite, bearing 
a gill and coxopoditic setsB ; and basipodite, 
bearing endopodite and exopodite. 

ii. The endopodite consists of five joints, named as 
in the legs. The first joint or ischiopodite is 
the largest and is fused with the basipodite. 



Fio. 33.— AitaouB flnviatilu var. nobilis. The oral appendages of the 
right side seen from below and behind ; x 2^. (c. h. h.) 

HI the mandible. IV and V the first and second mazillsB. YI, VII, 
and VIII, the three maxillipedes. 

A, region of attachment to body-wall. A B and AD, points of insertion of 
abductor and adductor muscles of mandible. B, basipodite. Ci oarpopodite. 
CX» coxopodite. D, dactylopodite. £S, epipoditc. j*. pivots of mandible. 
Oi gill. M, coxopoditic setae. I, ischiopodite. M, meropodite. If* endo- 
podite. P, propodite. S scaphognathite. X« first joint of exopodite. 
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iii. The exopodite is slender, and consists of a long^ 
proximal joint and a distal many-jointed fila- 
ment. 

Tn. The second maxillipede is smaller and less firmly- 
calcified than VIII., which it resembles in form ; 
but the exopodite is larger than in Yili., and 
the endopodite smaller, its largest joint being the 
meropodite, and all its joints being movable. 

VI. The first maxillipede is smaller and softer than 
VII. 
i. The two joints of the protopodite are expanded 
on the inner side, forming a large two-lobed 
lamella. A broad plate, the epipodite, take& 
the place of a gill, 
ii. The endopodite is very small and two-jointed, 
iii. The exopodite resembles that of VII. 

8. The head appendages consist of three pairs of oral 
appendages or jaws, V. to III., placed at the sides of 
the mouth, and two pairs of pre-oral appendages, 
II. and I., at the front of the head. 

V. The second inaxilla consists of a protopodite, aa 
endopodite, and on the outer side an organ sub- 
servient to respiration, the scaphognathite. 

i. The protopodite consists of two joints, coxopodite 
and basipodite, each of which is expanded on 
its inner side into a bilobed lamella. 

ii. The endopodite is small, pointed, and uigointed. 

iii. The scaphognathite is an elongated plate at- 
tached by the middle of its inner edge to the 
outer side of the protopodite. It may be 
regarded as the exopodite and epipodite fused 
together. It serves to keep a current of water 
flowing through the gill-chamber (p. 189). 

rV. The first maxilla is small. The two joints of the 
protopodite extend inwards as thin curved lamellsd* 
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and the endopodite is a small plate to their outer 
side. There is no exopodite. 

m. The mandible consists of a very stout undivided 
protopodite, forming the powerful jaw at the side 
of the mouth ; and an endopodite, which forms a 
small three-jointed palp, lying in a groove on the 
front of the protopodite. 

Before removing the mandible, note the position of the two 
pivots about which it turns, and the points of insertion of the 
tendons of its abdu^ctor and adductor muscles. 

Inunediately in front of the first maxilla and 
behind the mandible is a small unjointed plate, leaf- 
like in form. It is not regarded as a true appendage, 
but as an outgrowth of the metastoma, which forms 
the posterior and lateral borders of the mouth. 

n. The antenna consists of protopodite, exopodite, and 
endopodite, the last of which forms the long 
• feeler.' 

i. The protopodite consists of two joints ; the first, 
or coxopodite, being very broad, and projecting 
only very slightly from the surface of the head : 
on its ventral surface is a tubercle perforated 
posteriorly by the renal aperture. The second 
joint, or basipodite, is also short and stout, and 
bears the endopodite and exopodite. 

ii. The endopodite has two stout basal joints and a 
long slender many-jointed feeler. 

iii. The exopodite is a stout sharp-pointed blade, 
the scaphocerite. 

I. The antennule is smaller than the antenna. 

i. The protopodite is three-jointed, the basal joint 
being much the largest, and containing the 
auditory organ, which opens on its dorsal 
surface. The aperture is three-cornered, and 
is guarded by a series of plumose setae, which 
extend across it fi:om its outer lip. 
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ii. The endopodite and exopodite are two many- 
jointed filaments, the exopodite being slightly 
the larger. 

D. The Oills and GiU-chamliers. 

The gllla are highly vascular external outgrowths firom 
the^ sides of the thorax aiid from its appendages. In them 
respiration occurs, this process consisting in an interchange, 



Fio. 3j. — Aitacn* flnvutUii. Diagrammatic transverse section throngh 
the thorax. tTbe dotted gpocea contain arterial blood. The spaces 
xhaded with horizontal lines contain venous blood. The arrows 
indicate the direction of the blood circulation, (c. b. a.) 

ot giJl. AU.utbroaiul iDembraac. B. liniocLLotteeitc. BC. t>reiichlr>4»rUlaa 
H8. eDdaphn^nual flkcleton. S. heart, ^ha^Ttm; th« dor^ o^tLL wltb thtlr 
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by diffasion through the thin cuticle, of the gases dissolved 
in the water and in the blood. The gills are enclosed and 
protected by downward growths of the carapace at the sides 
of the thorax, the branchiostegites. 

1. The branchial chambers are situated one at each side of 
the thorax, between the body and the branchiostegite. 

Expose the left branchial chamber by cutting away the 
branchiostegite of that side ; and fix the animal on its right 
^ide under water. 

The chamber is bounded on its inner side by the 
thoracic epimera, and on its outer side by the 
branchiostegite. It is open below and behind, but 
the former opening is partially stopped by the basal 
joints of the legs. The greater portion of the 
chamber is occupied by the gills; but in front of 
them and just behind the line of the cervical groove, 
is a channel, the cervical canal. In this canal the 
scaphognatliite works to and fro with a sculling 
movement, driving the water forwards out of the 
gill-chamber, and discharging it in front just below 
the renal aperture. (Cf, Section E, p. 189.) 

:2. The gills maylbe described in three groups according to 
their position of attachment. 

a. Podobranchiae are gills attached to the coxopodites 
of appendages VII. to XII. The coxopodite of 
VI. bears a large epipodite in place of a gill. 

b.'^ Arthrobranchiae are gills arising from the arthrodial 
membranes at the bases of the thoracic appen- 
dages. At the base of each of the limbs VIII. 
to XII. are two arthrobranchiae, an anterior and 
a posterior one ; and attached to the arthrodial 
membrane of VII. is a single one. 

c. PleurobranchiaB are gills arising from the side-wall 
of the thorax, above the ridges which form the 
dorsal boundaries of the arthrodial membranes. 
The crayfish has only one well-developed pleuro- 
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branchia on each side, on the thirteenth segment* 
but rudiments are found on the next two or three 
segments in front. 

The following table shows the number and ar- 
rangement of the gills in the crayfish : 

Bud.— rudiment. Ep.=Epipodite. 



Segment 


VI. 


VII. 


VIII. 


IX. 


X. 


XI. XII. 


xin. 


Totals 


Podobrancliice 
Arthro. antei-ior 
Arthro. poaterior 
Pleurobmnchiffi 


Bp. 





1 
1 




1 
1 
1 




1 

1 
I 




1 
1 
1 

Rud.) 


1 

1 

1 

Ru<L 


I 

1 

1 

Bud. 






1 


=6+Ep. 
= 1+8 Bud. 



Verify the above table by carefully counting the gills, and 
turning them down as they are checked off in the table. 

8. The structure of the gills is different in the different 
groups. 

Bemove and examine in turn a pleurobranchia, an arthro- 
branchiu, and a podohranchia, 

a. The pleurobranchiflB and arthrobranchisB resemble 

bottle-brushes, each consisting of a series of delicate 
branchial filaments arranged upon a central stem, 
wliich is traversed by afferent and efferent blood- 
vessels. It is in the branchial filaments that 
respiration is effected, diffusion taking place very 
readily through the thin cuticle covering them. 

b. A podobranchia is more complicated, and consists of, 

(i.) a basal plate arising from the outer surface 
of the coxopodite, and covered with finely plumose 
setae ; (ii.) a stem arising &om the dorsal border 
of the basal plate close to its apex ; (iii.) a lamina, 
which is a corrugated plate borne on the distal 
end of the stem, doubled longitudinally upon itself, 
and beset with small hooked setse ; and (iv.) a 
plume, which arises from the apex of the stem 
and resembles an arthrobranchia. The plume 
and the outer force of the stem are covered with 
branchial filaments. 
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E. Demonstration of the Bespiratory Current of water 
through the gill-chamber. 

Place a living crayfish in a shallow dish of water ; and^ 
when the animal is at rest, run into the dish close to the basses 
of the hinder legs, by means of a pipette, a few drops of water 
coloured with siispended carmine or other pigment. Watch the 
currents entering under the edges of the branchiostegites behind^ 
and issuing in front from the mouths of the cervical canals. 

Open the cervical canal of one side by making two cuts, 
one immediately behind the cervical groove, the other parallel 
to it and a quarter of an inch further back ; and removing the 
strip between the two cuts. Lay the animal on its side in the 
water, and observe the sculling movements of the scapho- 
gnathite, driving the water forwards out of the cervical canal. 

n. DISSECTION OF THE CRAYFISH. 

The several systems are described below in the order in 
which it will be most convenient to dissect them :. this order 
may be varied if found desirable. 

A. The Circulatory System. 

The blood of the crayfish, which is almost colourless, is 
carried from the heart to the various parts of the body by 
arteries which open into large lacunar spaces bathing the 
several organs : from these it passes to the gills, in which it is 
aerated, and from which it is conveyed through the branchio- 
cardiac canals to the pericardial sinus. From the sinus it 
enters the heart through the apertures in its walls. 

1. The pericardial sinus and heart. 

With stout scissors carefully cut through the thoracic 
portion of the carapace along the outer side of each branchio- 
cardiac groove, taking care not to injure the structures 
beneath. Connect the two cuts in front by a transverse cut 
along the cervical groove, and remove the portion of carapace 
so isolated. 

Cut through the skin underlying the carajyace, and turn it 
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an epipodite, which may be a simple plate or may be modified 
to form a gill. From such a typical form all the appendages 
of the crayfish can be derived by variations in form and 
relative size of the various parts, or by total suppression of 
one or more parts. 

In the following description the appendages are numbered 
from before backwards, and are distinguished by the large 
Roman numerals I. to XIX. 

Bemove the appendages of the right side one by one, 
beginning with the hindmost j and taking special care to 
remove each appendage entire. The characters of the smaller 
ones can be best made out by examination in a drop of water, 
between two slips of glass. 

1. The abdominal appendages, excepting the hindmost, are 
of small size, and serve in the female to carry the 
eggs. The last or twentieth segment has no appen- 
dages. 

XIX. The sixth abdominal appendages are broad and 
lamellar, and form with the telson the powerful 
tail-fin. 

i. The protopodite is short, broad and undivided, 
ii. The endopodite is a fiat oval plate, fringed at 

its free edge with setae, 
iii. The exopodite is similar, but larger, and divided 

by a transverse hinge into two parts. 

XVin. The fifth abdominal appendage is a small 
swimmeret. 

i. The protopodite is two-jointed, the small proxi- 
mal joint being named coxopodite, the longer 
distal joint, the basipodite. 

ii. The endopodite is a many-jointed filament 
covered with setae. Its first joint is the 
largest. 

iii. The exopodite is similar, but smaller. 

XYII. and XVI. These two pairs of appendages closely 
resemble XVIII. 



ABDOMINAL APPENDAGES 131 

XY. In the female this resembles XVm., but is liable 
to redaction, and may be absent. 

In the male it is normally turned forwards 
and is specially modified for transferring the 
spermatozoa to the female. The protopodite 
and exopodite resemble those of ZYIII., but the 
large proximal joint of the endopodite is pro- 
duced distally on its inner side into a short 
plate, rolled longitudinally upon itself to form 
an imperfect tube : the remainder of the endo- 
podite is a small jointed rod as in XVIII. 

XIV. In the female this is reduced or absent. 

In the male it is modified for the same pur- 
pose as XV. It is an unjointed rod, the distal 
portion of which is flattened and rolled upon 
itself to form an imperfect tube. It is probably 
formed of the protopodite and endopodite fused 
together. 

2, The thoracic appendages, of which there are eight pairs, 
fall readily into two groups: a posterior group of 
five pairs of large appendages, XIII. to IX., used for 
walking and prehension, and devoid of exopodites ; 
and an anterior group of three pairs of maxillipedes 
or foot-jaws, VIII. to VI., which possess both exopo- 
dites and endopodites, and aid in passing food to the 
mouth. 

Xn. The last but one of the thoracic legs may be 
taken as a type of the series. 

i. The protopodite consists of two joints, of which 
the first, or coxopodite, is short and broad, 
and bears a large gill and a tmft of long fine 
hairs, the 'coxopoditic set®.' The second 
joint or basipodite is much smaller, and bears 
the endopodite. 

ii. The endopodite consists of five joints named as 
follows, beginning at the proximal end : — 
ischiopodite, meropodite, carpopodite, pro- 

K 2 
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an epipodite, which may be a simple plate or may be modified 
to form a gill. From such a typical form all the appendages 
of the crayfish can be derived by variations in form and 
relative size of the various parts, or by total suppression of 
one or more parts. 

In the following description the appendages are numbered 
from before backwards, and are distinguished by the large 
Roman numerals I. to XIX. 

Bemove the appendages of the right side one by one, 
beginning with the hindmost, and taking special care to 
remove each appendage entire. The characters of the smaller 
ones can be best made out by examination in a drop of water, 
between two slips of gUiss. 

1. The abdominal appendages, excepting the hindmost, are 
of small size, and serve in the female to carry the 
eggs. The last or twentieth segment has no appen- 
dages. 

XIX. The sixth abdominal appendages are broad and 
lamellar, and form with the telson the powerful 
tail-fin. 

i. The protopodite is short, broad and undivided, 
ii. The endopodite is a fiat oval plate, fringed at 

its free edge with setae, 
iii. The exopodite is similar, but larger, and divided 

by a transverse hinge into two parts. 

XVni. The fifth abdominal appendage is a small 
swimmeret. 

i. The protopodite is two-jointed, the small proxi- 
mal joint being named coxopodite, the longer 
distal joint, the basipodite. 

ii. The endopodite is a many-jointed filament 
covered with setae. Its first joint is the 
largest. 

iii. The exopodite is similar, but smaller. 

XYII. and XVI. These two pairs of appendages closely 
resemble XVIII. 
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XV. In the female this resembles XVm., but is liable 
to redaction, and may be absent. 

In the male it is normally turned forwards 
and is specially modified for transferring the 
spermatozoa to the female. The protopodite 
and exopodite resemble those of ZYIII., but the 
large proximal joint of the endopodite is pro- 
duced distally on its inner side into a short 
plate, rolled longitudinally upon itself to form 
an imperfect tube : the remainder of the endo- 
podite is a small jointed rod as in XVIII. 

XIY. In the female this is reduced or absent. 

In the male it is modified for the same pur- 
pose as XV. It is an unjointed rod, the distal 
portion of which is flattened and rolled upon 
itself to form an imperfect tube. It is probably 
formed of the protopodite and endopodite fused 
together. 

2. The thoracic appendages, of which there are eight pairs, 
fall readily into two groups: a posterior group of 
five pairs of large appendages, XIII. to IX., used for 
walking and prehension, and devoid of exopodites ; 
and an anterior group of three pairs of maxillipedes 
or foot-jaws, YIII. to YI., which possess both exopo- 
dites and endopodites, and aid in passing food to the 
mouth. 

Xn. The last but one of the thoracic legs may be 
taken as a type of the series. 

i. The protopodite consists of two joints, of which 
the first, or coxopodite, is short and broad, 
and bears a large gill and a tmft of long fine 
hairs, the 'coxopoditic setse.* The second 
joint or basipodite is much smaller, and bears 
the endopodite. 

ii. The endopodite consists of five joints named as 
follows, beginning at the proximal end : — 
ischiopodite, meropodite, carpopodito, pro- 
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I 

an epipodite, which may be a simple plate or may be modified 
to form a gill. From such a typical form all the appendages 
of the crayfish can be derived by variations in form and 
relative size of the various parts, or by total suppression of 
one or more parts. 

In the following description the appendages are numbered 
&om before backwards, and are distinguished by the large 
Roman numerals I. to ZIX. 

Bemove the appendages of the right side one by one, 
beginning with the hindmost, and taking special care to 
remove each appendage entire. The characters of the smaller 
ones can be best made out by examination in a drop of water, 
between two slips of glass. 

1. The abdominal appendages, excepting the hindmost, are 
of small size, and serve in the female to carry the 
eggs. The last or twentieth segment has no appen- 
dages. 

XIX. The sixth abdominal appendages are broad and 
lamellar, and form with the telson the powerful 
tail-fin. 

i. The protopodite is short, broad and undivided, 
ii. The endopodite is a fiat oval plate, fringed at 

its free edge with setae, 
iii. The ezopodite is similar, but larger, and divided 

by a transverse hinge into two parts. 

XVni. The fifth abdominal appendage is a small 
swimmeret. 

i. The protopodite is two-jointed, the small proxi- 
mal joint being named coxopodite, the longer 
distal joint, the basipodite. 

ii. The endopodite is a many-jointed filament 
covered with setas. Its first joint is the 
largest. 

iii. The exopodite is similar, but smaller. 

XYII. and XVI. These two pairs of appendages closely 
resemble XVIII. 
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XV. In the female this resembles ZTm., but is liable 
to reduction, and may be absent. 

In the male it is normally turned forwards 
and is specially modified for transferring the 
spermatozoa to the female. The protopodite 
and ezopodite resemble those of XVIII., but the 
large proximal joint of the endopodite is pro- 
duced distally on its inner side into a short 
plate, rolled longitudinally upon itself to form 
an imperfect tube : the remainder of the endo- 
podite is a small jointed rod as in XVIII. 

XrV. In the female this is reduced or absent. 

In the male it is modified for the same pur- 
pose as XV. It is an unjointed rod, the distal 
portion of which is flattened and rolled upon 
itself to form an imperfect tube. It is probably 
formed of the protopodite and endopodite fused 
together. 

2. The thoracic appendages, of which there are eight pairs, 
fall readily into two groups : a posterior group of 
five pairs of large appendages, XIII. to IX., used for 
walking and prehension, and devoid of exopodites ; 
and an anterior group of three pairs of nuudllipedes 
or foot-jaws, VIII. to VI., which possess both exopo- 
dites and endopodites, ajid aid in passing food to the 
mouth. 

Xn. The last but one of the thoracic legs may be 
taken as a type of the series. 

i. The protopodite consists of two joints, of which 
the first, or cozopodite, is short and broad, 
and bears a large gill and a tmft of long fine 
hairs, the 'coxopoditic setas.' The second 
joint or basipodite is much smaller, and bears 
the endopodite. 

ii. The endopodite consists of five joints named as 
follows, beginning at the proximal end : — 
isohiopodite, meropodite, carpopodite, pro- 
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y. The median tooth is a strong calcified sclerite, at 
the junction of the cardiac and pyloric cham- 
bers. With its upper surface are articulated 
the urocardiac ossicle in &ont and the pre- 
pyloric behind, 
vi. The pterocardiac ossicles are attached one to 
each end of the cardiac ossicle by oblique 
hinges. Their lower ends are curved back- 
wards. 

vii. The zygocardiac ossicles are a pair of stout 
sclerites, running from the outer ends of the 
pyloric ossicle forwards, downwards, and out- 
wards, to the ventral extremities of the ptero- 
cardiacs. Their ventral margins are curved 
inwards to form a pair of stout plates, calcified 
at their inner borders to form the lateral 
teeth. The inner edge of each lateral tooth 
bears a row of denticles, which decrease in 
size from before backwards. 
This gastric mill is put into action by muscles arising 
from the carapace and attached to the cardiac 
and pyloric ossicles, which, by their contractions, 
they pull away from each other. The cardiac 
ossicle moving forwards pulls the urocardiac and 
the median tooth with it, and the prepyloric 
ossicle rotates forwards with them, giving a down- 
ward movement to the hinder part of the tooth, 
and causing its apex to rotate forwards. The 
same movement of the cardiac ossicle forwards, 
and of the pyloric backwards, causes the zygo- 
cardiacs to pull back the pterocardiacs, which 
rotate about the oblique hinges, pressing the 
zygocardiacs inwards, and bringing the lateral 
teeth together in the median plane. 

Pull the cardiac and pyloric ossicles forwards and hack- 
wards respectively with forceps^ when the three teeth will he 
seen to come together sharply. 
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D. The Excretory System. 

1. The kidneys, or ' green glands,' are a pair of roonded 

and somewhat flattened bodies, of a light green 
colour, lying in the ventral part of the head, in front 
of the mouth. 

2. The ureters are a pair of wide thin- walled sacs, lying 

one on the dorsal sur£a,ce of each kidney. Each 
ureter communicates directly with the cavity of its 
kidney, and opens to the exterior by an aperture 
already seen on the hinder surflEbce of a tubercle on 
the basal joint of the antenna. 

Inflate the ureter by blowing air in at its external aper- 
ture. 

E. The Endophragmal Skeleton. (Fig. 85, p. 140.) 

In the thorax a series of calcified plates project inwards 
from the cuticle of the ventral surface, forming an internal 
skeleton, which gives origin to the muscles of the legs and to 
the powerful flexor muscles of the abdomen. 

F. The Nervous System. 

1. The central nervous system consists of a series of 
ganglia arranged in pairs, and united by paired 
bundles of nerve-flbres, or connectives, to form a 
chain, which nms along the whole length of the 
body close to the mid-ventral line. The two ganglia 
of each pair sure usually fused indistinguishably. 

a. The pre-oBsophageal ganglionic mass, or ' brain,' is 

a white mass of considerable size, situated just 
behind and slightly above the bases of the anten- 
nules. It gives off nerves supplying the eyes, 
the antennules, and the antennsB. 

b. The parapoesophageal connectives are a pair of long 

nerve-cords, one on each side of the oesophagus, 
connecting the ' brain ' with the hinder part of 
the nervous system. They are connected with 
each other by a transverse commissure, imme- 
diately behind the oesophagus. 

L 2 
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c. The post-oesophageal ganglionio mass is an ovoid 

mass, lying a short way behind the mouth. 
From it arise the nerves supplying the mandibles, 
both pairs of maxillae, and the first and second 
maxillipedes. 

d. The thoracic nerve-chain consists of six gangUonic 

masses, united by paired connectives, and supply- 
ing the appendages from the third maxillipedes 
to the last thoracic legs. The first one is situated 
immediately behind the post-oesophageal gan- 
glionic mass, with which it is closely connected. 
The connectives between the fourth and fifth 
ganglionic masses diverge slightly, and the sternal 
artery (p. 152) passes between them. 

The thoracic nerve-chain lies beneath the endophragmal 
skeleton, which miist be removed to expose it 

e. The abdominal nerve-chain consists of six ganglionic 

masses, joined by connectives, and supplying the 
abdominal segments and their appendages. The 
hindmost ganglionic mass is larger than the 
others, and supplies both the nineteenth segment 
and the telson. 

2. The visceral nervous system. 

This can only be dissected in a specimen in which the 
alim>entary canal has been left undisturbed, 

a. The anterior visceral nerve is a median nerve 

formed, just in front of the oesophagus, by the 
union of two median nerves from the ' brain ' with 
two pairs of nerves arising from ganglionic swell- 
ings on the para-oesophageal connectives. From 
the union of these, the nerve runs up in front of 
the stomach to branch out on its dorsal wall. 

b. The posterior visceral nerve arises from the hind- 

most ganglionic mass of the abdominal nerve- 
chain, and runs forwards along the ventral surface 
of the intestine. 
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6. The Organs of Special Sense. 

Besides tactile organs, i.e. the antennules, antennsB, and 
the palps of the oral appendages, the crayfish has eyes, ears, 
and olfactory organs. 

1. The eyes, on movable stalks, have already been seen at 
the sides of the rostrum. 

a. External characters of the eye. 

Bemove one of the eye-stalks, and examine it ca/refvlly 
with a lens. 

The ^ cornea * is the transparent, apparently 
black, patch of oncalcified cuticle covering the end 
of the eye- stalk, and bounded by an oval outline. 
Its surface is divided into quadrangular feusets by 
lines crossing each other nearly at right angles, 
each fEkcet corresponding to one of the elements of 
which the compound eye consists. 

b. Structure of the eye as seen in a longitudinal 

section. 

Carefully divide the eye-stalk and eye longitudinally into 
two halves. The calcified portion of the cuticle is best cut 
with scissors, the remainder with a sharp knife. Examine 
one of the cut surfaces with a strong lens. 

The eye consists of a number of conical 

bodies arranged in a radiate fashion, their bases 

being turned outwards and formed by the corneal 

facets, and their apices being directed inwards 

and connected with the optic ganglion. Each of 

these component elements is isolated optically 

from its neighbours by pigment. 

i. The cornea is thin and semicircular in section, 

and the strips of cuticle separating its fieMsets 

scarcely differ from the facets themselves. 

ii. The crystalline pyramids are transparent 
conical bodies arranged radially and abutting 
upon the cornea, each pyramid corresponding 
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to one corneal facet. They are separated 
from one another by layers of pigment near 
their outer ends. 

iii. The inner ends of the pyramids are imbedded 
in a black pigmented layer, in which he a 
series of radially arranged rods and fusiform 
bodies, each of the latter being surrounded 
by a layer of brilliant pigment, either white 
or pink. 

iv. The optic ganglion occupies the centre of the 
eye. Its surface is deeply pigmented. 

y. The optic nerve lies in the axis of the eye-stalk, 
and connects the optic ganglion with the 
* brain.* 

2. The auditory Gleans are lodged in the basal joints of 
the antennules, and open to the exterior on their 
dorsal surfaces by three-cornered apertures, guarded 
by fringes of plumose set®. 

Remove an antennule entire. Holding it firmly between 
the fingers, carefully remove with scissors the inner and outer 
walls of the basal joint, taking care not to injure the auditory 
sac itself. Clear away the muscles surrounding the sac, and 
the setcB from the auditory aperture. 

With a fine-pointed syringe wash out the contents of the 
auditory sac — a collection of sand and other foreign matter 
from the water in which the animal lives, to which the name 
' otolith ' has been giv^en. 

Examine the sac in water or glycerine on a slide under 
the low power of the microscope. 

a. The auditory sac is a transparent ovoid chitinous 

sac, continuous at its opening with the cuticle 
of the antennule. 

b. The auditory setse are nearly straight, simple, 

pointed set® varying greatly in size, the outer 
ones being the largest. The larger ones are 
arranged in parallel curved lines along the floor 
and inner wall of the sac ; of these there are two 
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rows behind, the number increasing to five or more 
in front. Parallel to these runs a row of very 
minute setaa on the inner side. 
c. The auditory nerve supplying these rows of setae 
may have been removed with the muscles, but 
ehould be looked for. 

8. Ol&ctory setsB. On the ventral surface of each joint of 
the exopodite of the antennule are two tufts of fine 
sensory setae. Under a low power of the microscope 
each is seen to consist of two joints, of which the 
distal one is much the longer, and is flattened. They 
are probably olfactory in function. 

III. THE ARTERIES AS SEEN IN AN INJECTED SPECIMEN. 

Inject from the ventricle with water coloured with carmine. 
Kill the animal by dropping it into boiling water. Dissect 
from the left side^ removing the left Jialf or more of the cara- 
pace, and such parts of the liver, genital gland and duct, and 
of the side-wall and muscles of tJie abdomen as may be neces- 
sary to eocpose the following arteries, 

1. The ophthalmio artery is a median artery arising from 

the anterior end of the heart and running for- 
wards over the stomach, then curving downwards 
in front of the stomach and dividing to supply the 
eyes. 

2. The antennary arteries arise from the anterior end of 

the heart, one on each side of the ophthalmic artery. 
Each runs forwards, outwards, and downwards over 
the side of the stomach, to which it sends a gastric 
artery ; and then forwards to the anterior end of the 
head, supplying the kidney, antenna, and antennule, 
and sending a branch to the rostrum. On its way 
it gives off numerous small arteries to the muscles 
of the regions which it traverses. 
8. The hepatic arteries arise from the ventral surface of 
the heart near its anterior end, and supply the liver, 
in which they are buried. 
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4. The sternal artery is single, and arises from the hinder 

end of the heart, whence it runs directly downwards, 
passing to the right or left of the intestine, and 
between the connectives uniting the fourth and fifth 
ganglion-pairs of the thoracic nerve-chain (p. 148). 
It then turns forwards beneath the nerve-chain, 
supplying the sternal region of the thorax, and the 
appendages from the hindmost ambulatory legs to 
the mandibles. 

a. The ventral abdominal artery is a large median 
vessel given off by the sternal artery on reaching 
the ventral region of the body. It runs back- 
wards beneath the nerve-chain, and supplies the 
ventral region of the abdomen and the abdominal 
appendages. 

5. The dorsal abdominal artery is a large median artery 

arising from the ventral part of the hinder end of 
the heart, and running backwards just above the 
intestine to the hinder end of the body, supplying 
the intestine, muscles, and other parts of the dorsal 
region of the abdomen. 
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Chapter IX. 
THE COCKEOACH. Periplaneta Americana. 

The common cockroach or ' black-beetle ' of our kitchens 
and bakehouses — Periplaneta (Blatta) orientalis — is not a 
true beetle, but an insect belonging to the order Orthoptera, of 
which grasshoppers, locusts, and crickets are also members. 
This species differs only slightly from P. Americana, which 
has been chosen for description because it is larger and 
more easily dissected than the common form. P. Americana 
may be found in large numbers on board ships and at most 
docks. 

Cockroaches are active insects, of nocturnal habits, hiding 
away in the daytime and coming out to feed at night. They 
will devour almost any animal or vegetable substance. 

The whole animal is covered by a chitinous cuticle which 
is thick and hard, and of a dark brown colour, except at the 
joints, where it is soft and paler. By these joints the body is 
divided transversely into segments, which are movable on one 
another except in the head. As in the crayfish the segmenta- 
tion affects certain of the internal organs, as the muscular and 
nervous systems, but is not shown by the digestive, excretory, 
or reproductive organs. 

The female lays its eggs in a hard oblong capsule, in which 
they are placed side by side. The young develop without 
metamorphosis, i.e. when newly hatched they resemble the 
adult in form and habits, though they are devoid of wings. 
During growth the cuticle is shed several times. The wings 
appear at the last ecdysis, when the animal attains sexual 
maturity : the female of P. orientalis is, however, wingless. 
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I. HABITS. 

Watch the living animal in a glass vessel, noting especially 
the positions of its legs and head ; also the mode of using the 
long antenna, atid the maxillary and labial palps. 

Watch the respiratory movements of the abdomen. Feed 
with sopped bread, and watch the lateral movement of the jaws, 

II. EXTERNAL CHARACTERS. 

Kill the animal by pouring two or three drops of chloroform 
upon it. 
A. The Body. 

The body is divided into head, thorax, and abdomen, each 
of which is composed of several segments. A small neck con- 
nects the head with the thorax. 

1. The head is broad from side to side, and short £rom 
before backwards, and is produced downwards into 
a broad process bearing the jaws. Owing to its 
shortness and vertical elongation, it has a deceptive 
appearance of being bent downwards and backwards 
beneath the thorax. 

a. The epicraninm covers the dorsal and posterior sur- 

faces of the head. It is divided into right and left 
halves by a median suture which divides in front 
into two, running obliquely outwards to the 
fenestrsD. 

b. The clypeus is a broad plate covering the front of 

the head, below the epicranium. 

c. The labmm is a smaller plate hinged to the lower 

edge of the clypeus, and forming the anterior 
or * upper ' lip. 

d. The gense, or ' cheeks,' are a pair of vertical plates 

covering the sides of the head, behind and below 
the eyes. 

e. The eyes are large black reniform elevations, one 

on each side of the head. They are compound, 
each having very numerous hexagonal facets. 
The fenestrsB are a pair of small white oval patches 
to the inner sides of the bases of the antennse. 



EXTERNAL CHAEACTEES 155 

2. The neck is short and slender: its outicular coTering 
is soft and white, with the exception of seven 
thickened patches or soleiltM which are hard and 
brown. Of these sclerites two are slender tranaverae 
bars on the ventral surface ; a third is median and 
dorsal, and almost divided into two longitudinally ; 
the remaining four are much larger, and form two 
pairs at the sides of the neck. 



Fia. 36, — PariplknaU Amflrioanft. The head, front view. (c.b. b.) 

A, mteDiuk Clh clTpPOi. E. e;e, EP. eplirmilam. I^phneitn. Q, giJ«ii. 
OE, gtoA. Z,. lulnla. DP. labial palp. LR. Itbnini. MN. nundible 
(the Ittt mandible baa been removed;. UF, m&illlar; p«lp. M3, Kcoud 

Fifl. 37.— F*riplui«U Americans. The head from behind, (c. h. a.) 

B, HP, G. L, £>P, HN. lUid MP a> In tbe precedlnK Bgnn. 

C.Datda, LQ. Ilgula. M. mentum. N. uerTe^;oniiectWe, O. tBaanhagai. 
PO. puaglosm. B. itlpes. 8D, SBilvuy ducU. 8H, tubmentum. TB. 



S. The thorax consists of three segments. 

a. The prothorax is the first and longest segment of 

the thorax. Its te^^nm, the pronottun, is pro- 
longed forwards over the neck. 

b. The mewthoraz is smaller, and its tergom bears at 

itsanterior comers a pairofelytra, or wing-covers. 
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These are folds of skin and cuticle which extend 
backwards beyond the hinder end of the abdomen, 
and are movablj articulated to the mesothoracic 
tergum or metonotum. 

[The elytra are rudimentary in the female of 
P. orientalist 
c. The metathorax, or hindmost segment of the thorax, 
bears a pair of wings, which are membranous 
outgrowths of the body-wall, like the elytra, but 
broader, thinner, and more movable. By means 
of these the animal is able to fly. When not in 
use they are folded longitudinally like a fan and 
covered by the elytra. 

[The female of P. orientalis has no wings.] 
4. The abdomen, which forms rather more than half the 
length of the body, is broad from side to side, 
especially in the female, and is flattened dorso- 
ventrally. Its cuticular investment is softer than 
that of the head and thorax. It is composed of ten 
distinct segments, but the hinder ones are telescoped 
within one another, so that the full number are not 
seen at once. The podical plates may represent the 
tergum of an eleventh segment. 

a. The terga are cuticular plates covering the dorsal 

surface of the abdomen and overlapping one 
another from before backwards. They are broad 
from side to side, but short from before backwards. 
Of the ten only eight are obvious, the eighth and 
ninth being hidden by the seventh through the 
telescoping of this part of the body. The tenth 
is prolonged backwards into a thin horizontal 
plate, deeply notched in its posterior border. 

[In P. orientalis the eighth and ninth terga 
are hidden by the seventh in the female only.] 

b. The podical plates are a pair of smaU cuticular 

plates at the sides of the anus. 
To see the podical plates, lift up the tenth tergum unth the 
forceps. 
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c. The cerci are a pair of many-jointed styles, attached 

under the lateral edges of the tenth tergum and 
projecting backwards. 

d. The sterna on the ventral surface resemble the terga 

on the dorsal surface. The first is rudimentary. 

In the male the ninth sternum bears a pair 
of styles. 

In the female the seventh sternum is pro- 
duced backwards into a large boat-shaped process, 
which forms the lower wall of the large genital 
pouch. The hinder sterna are modified in relation 
with the sexual apparatus, and are completely 
hidden by the seventh. 

B. The External Apertures. 

1. The mouth opens on the ventral surface of the head, 

behind the labrum and between the jaws. 

2. The anus is at the hinder end of the body, beneath the 

tenth abdominal tergum and between the podical 
plates. 

8. The genital aperture is single, and is placed at the 
hinder end of the body, ventral to the anus. It is 
larger in the female than in the male, and will be 
better seen at a later stage of the dissection. 

4. The stigmata, or spiracles, are the respiratory apertures, 
twenty in number. There are two large thoracic 
ones on each side, one between the prothorax and 
the mesothorax, and the- other between the meso- 
thorax and the metathorax. A pair of abdominal 
stigmata are situated between the lateral margins 
of the tergum and the sternum of each of the first 
eight abdominal segments. 

G. The Appendages. 

1. The head appendages are four pairs. 

a. The antennas are very long slender many-jointed 
and freely movable filaments, which arise from a 
pair of oval arthrodial membranes just in front of 
and below the eyes. 
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To see the next three pairs of appendages, fix the animal 
down on its back by means of a pair of small pins passed 
through the sides of its prothorax. Bend the ventral part of 
the head forwards and fix it in that position by means of 
crossed pins. 

Examine the appendages in situ, noting their positions, 

Bemove the whole of tJie labium (s m to p o, fig, 87) without 
injury to the structures beneath it Mount it in glycerine* 

Similarly retnove and mount the right first maxilla and 
the right mandible. 

b. The mandibles are a pair of stout jaws, strongly 

toothed on their inner margins, and working side- 
ways. They He immediately below the gensB, 
and articulate with the epicranium and with the 
clypeus. 

c. The first maxillsB are situated behind the mandibles. 

Each consists of the following parts. 

i. The protopodite consists of two joints, the cardo 
or proximal piece, and the stipes or distal 
piece. 

ii. The endopodite has two divisions, an inner and 
an outer. The inner division, or lacinia, is a 
hard blade pointed at the end, and provided 
with stiff setae along its inner border. The 
outer division, or galea, is softer and is elon- 
gated : on the inner surface of its distal end 
is an oval cushion covered with short curved 
stiff setaB, and notched to receive the point of 
the lacinia. 

iii. The ezopodite or maxillary palp is a five-jointed 
palp, borne on the outer side of the distal end 
of the stipes. Its first two joints are short. 

d. The second maxillsB are similar in shape to the first 

maxillaB, but smaller. They are fused together 
in the median plane by their protopodites, and 
together constitute the labium or posterior lip. 
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i. The two protopodites are fased in the median 
plane to form a two-jointed plate. The sub- 
mentum or proximal joint is the larger of the 
two, and is very broad £rom side to side. The 
distal joint, or mentum, is smaller, and bears 
the endopodites and exopodites. 

ii. The endopodites are together sometimes called 
the lignil&* Each is divided into an outer 
division, the paraglossa, corresponding to the 
galea of the first maxilla ; and an inner divi- 
sion, corresponding to the lacinia. 

iii. The ezopodites are three jointed palps corre- 
sponding in form and position to those of the 
first maxillae. The stump supporting each is 
called the palpiger. 

2. The thoracic appendages are three pairs of legs, borne 
by the sterna of the thoracic segments. They are 
very similar to one another, but the hindmost are 
rather the largest. Each leg consists of the following 
parts. 

a. The coxa is the stout, flat, proximal joint of each 

leg. 

b. The trochanter is a very small piece attached to the 

distal end of the coxa. 

c. The femur resembles the coxa in form, but is more 

slender. 

d. The tibia is a slender straight joint armed with 

strong spines. 

e. The tarsus, or foot, is six-jointed, each joint having 

a soft white setose patch under its distal end* 
giving the animal a foothold in climbing steep or 
slippery surfaces. The terminal joint or pulvillus 
is small and bears a pair of claws. 

8. Abdominal appendages are very rare amongst adult 
insects. The anal cerci already described, and pos- 
sibly also the styles on the ninth sternum of the 
male, may be appendages, as also may the gon- 
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apophyses; but it is doubtful whether these really 
belong to the same category as the appendages of 
the head and thorax. 

The gonapophyses belong to the genital appa- 
ratus, and will be described later. 

in. DISSECTION OF THE COCKROACH. 

Fix the animal dovm with the dorsal surface upwards. 
This may he done by drying it with blotting paper, and 
immersing its under surface in melted paraffin or wax, and 
holding it in this position till the wax is cool ; or the animal 
may he fixed to a hoard by msans of small pins passed through 
the lateral regions of the mesothorax and of the abdomen. 

Cut off the elytra and the wings. Carefully cut through 
the terga of the abdomen and thorax close to each side, and 
rerruyve the terga, avoiding injury to the heart, which lies just 
beneath. 

A. The Circulatory System. 

1. The heart is a straight chambered tube running along 
the mid-dorsal line of the abdomen and thorax. It 
receives blood through lateral paired openings, 
arranged segmentally, and drives it forwards by 
rhythmical contractions. 



Fio. 38.— Periplaneta Americana. The male dissected from the right 
side. The testes, which are very small in the adalt, are not figured, 
(c. H. H.) 

A« anas. AJf, antennary lobe of supra-oesophageal ganglion, with anten- 
ntfv nerve cat short. C, crop. CO, supra-cesophaireal ganglion. CL» oolon. 
CB, anal oercna. CX, coxa. IS, elytron. F. femur. FG-, frontal ganglion. 
Fit, Tiflceral nerre. O, gizzard. OF, one of the gonapophyses. O 6* fifth 
abdominal ganglion. H, hepatlo cecum. HT, heart. I, ileum. Ij, lingua. 
IiNt nerve to labmm. IjF, labial palp. M. mushroom-shaped gland. 
MOi ICalpighian oteoa opening into junction of mesenteron and ileum : they 
are much longer and more numerous than indicated. MD, ejaculat^ duct. 
MB, meeenteron. MN, maxillary nerre. MP. maxillary palp. F^. labial 
nerve. PF, podical plate, diagrammatically drawn. Hi rectum. 8, subnoeso- 

Sbageal ganglion. 8D. salivary duct just above its opening into the mouth. 
iO, adlvary glands. 8I«, >tyle borne by ninth sternum. 8B. salivar}- 
reoeptaole. 8x» one of the abdominal stigmata. T, proximal joint of the 
tanoa. TB, tibia. TB. trochanter. T 6, first thoracic tergum, or pronotum. 
T d« third thoracic tergum^or metanotum. VO, visceral ganglion, w". wing. 
2i tergum of second abdominal segment. &, tergum of eighth abdominal 
segment. 
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B. The Digestive and Excretory SystemB. 

The alimentary canal, with its glandular appendages, is 
situated almost entirely in the abdomen, and is enveloped in 
an opaque-white, dendritic mass, the £at-body. 

Expose and unravel the alimentary canal and its append- 
a^ges. In dissecting the salivary ducts great care must he 
taken not to injure the tiervous system in the head, 

1. The alimentary canal is short, and slightly convoluted 
in its hinder part. It may be divided according to 
its mode of development into three regions: viz. 
the stomatodoBum and the prootodoBum, which are 
invaginations of the anterior and posterior ends 
of the embryo respectively ; and the mesenteron, or 
middle portion, which alone is formed from the 
primitive alimentary tract of the embryo. 

a. The stomatodoBum has a chitinous cuticular lining, 
continuous with the cuticular investment of the 
head ; and is divided into the following regions. 

i. The buccal cavity is lodged in the head, and its 
posterior wall is raised up to form an elongated 
fleshy tongue or lingua. 

The salivary duct opens by a median 
aperture in the angle between the lingua and 
the labium (fig. 88). 

ii. The OBSophagus is a narrow tube running from 
the mouth through the nerve collar and along 
the neck. It is laterally compressed in the 
cervical region. 

iii. The crop is a large thin-walled pyriform sac, 
extending through the thorax and iBX into 
the abdomen. It is not separated by any dis- 
tinct line of demarcation from the oesophagus. 

iv. The g^zard, or proventriculus, is a pyriform sac 
with thick muscular walls. Within it is a 
series of six large cuticular teeth, and behind 
them six small elevations covered with setsB. 

Lay the gizzard open to expose the teeth. 
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b. The mesenteron is a short narrow tube extending 

backwards from the hinder end of the gizzard. 

Lay the mesenteron open and note the funnel-like prolan- 
gation of the gizzard extending into it. 

c. The prootodoBnm is the convoluted hinder portion 

of the alimentary canal, and is lined by a thin 
chitinous cuticle. It is divided into the following 
regions, 
i. The ileum is a short narrow tube, the commence- 
ment of which is marked by the attachment 
of the numerous fine thread-like Malpighian 
tubules, 
ii. The colon is much wider and longer than the 

ileum, and is constricted at its hinder end. 
iii. The rectum is the short dilated terminal portion 
of the alimentary canal. Its wall has six lon- 
gitudinal ridges, projecting internally. It ends 
at the anus, between the podical plates. 

2. The digestive glands. 

a. The salivary glands are two pairs of diffuse white 
glands on the sides of the anterior part of the 
crop. 

The salivary receptacles are a pair of thin- 
walled sacs, one on each side of the crop, between 
the two glands of its side. 

The ducts of the receptacles run forwards and 
unite beneath the nerve-cord at the hinder end 
of the neck to form a median duct, which runs 
forwards to open into the mouth, behind the base 
of the lingua. 

The ducts of the salivary glands unite to form 
one duct on each side : the two ducts thus formed 
run forwards and unite beneath the nerve-cord in 
the hinder part of the neck to form a median 
duct : this runs forwards between the nerve-cord 
and the median duct of the receptacles, and opens 
into the latter at the anterior end of the neck. 

M 2 
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Having made out the anatomical relations of the salivartf 
glands, receptacles, and ducts, remove the whole apparatus. 
Stain it with carmine ; rrwunt it in glycerine, and eocamine 
with the microscope, 

Kudei are visible in the walls of the ducts, 
and in the secretory cells of the glands. 

The chitinous lining of the ducts shows a 
spiral thickening. 

b. The ' hepatic ' csBca are eight or seven csBcal diver- 
ticula of the anterior end of the mesenteron» 
They are convoluted and club-shaped. 

Note the openings of the hepatic cceca into the m^enteron* 

8. The excretory syBtem consists of sixty or more Malpighian 
tubules, which are fine filamentous diverticula of the 
anterior end of the ileum, arranged in six bundles. 
They are very long and convoluted, and are inter- 
laced among the tracheae and the filaments of the 
fat-body all through the abdomen. 

G. The Kespiratory System. 

The respiratory system consists of a series of tracheal tubes 
containing air. These commence at the respiratory apertures,, 
or stigmata, on the sides of the thorax and abdomen, and: 
ramify through all parts of the body. Expiration is effected 
by contraction of the muscles of the body, which compress- 
the tracheae ; inspiration, by dilatation of the tracheae through 
the elasticity of their cuticular lining. 

The readiness with which air is carried to all parts of the 
body, through the great perfection of the respiratory system, 
accounts for the extreme imperfection of the circulatory 
system in an animal which is otherwise very highly organised. 

1. The tracheal tubes when full of air are silvery white. 

Bemove a large trachea, and examine it microscopically in 
water. 

a. The cuticular lining has a very strong spiral 
thickening, which gives great elasticity to the 
tube. 
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b. The cells which form the organised wall of the 
tube, and secrete the chitinons lining, are thin 
and not easily seen till stained. 

Stain with carmine^ and note the nuclei of the cells. 

Remove small portions of muscle from the leg, of the fat- 
body, of the salivary gland-, etc,, and note and calamine the 
fine tracheal tubes ramifying through them. Stain as above, 

D. The ITervous System. 

The nervous system consists of snpra-oesophageal and 
8ub-(Bsophageal ganglia, and para-oesophageal connectives in 
the head ; a double ventral chain in the thorax and abdomen ; 
and a visceral nervous system in relation with the alimentary 
canal. (Fig. 88, p. 160.) 

1. The cephalic nervous system. 

If the buccal cavity has already been exposed, a second 
specimen will probably be necessary for the dissection of the 
n£,rvov>s system of the head. 

Fix the head, with the anterior surface upwards, by means 
of a fine pin through the upper part of the epicranium and 
another between the mandibles, 

Bemove the clypeus and the anterior portion of the epi- 
cranium with scissors or the point of a scalpel, taking care 
not to injure the ganglia, which lie close beneath the cly- 
peus. Carefully expose and clean the following structures, 
avoiding injury to the cephalic portion of tJie visceral nervous 
system, 

a. The supra-oesophageal, or ' cerebral,' ganglia are 
a pair of large closely apposed ganglia close to 
the anterior surface of the head. They are sup- 
ported by an internal chitinous framework, the 
tentorium, 
i. The 'hemispheres' are the large rounded upper 
parts of the ganglia. From them arise the 
large optic nerves. 
ii. The antennary lobes are the smaller and lower 
portions of the ganglia. From them the au« 
tennary nerves arise. 
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Turn the head and fix it with the right side upwards. 
Bemove the gena and mandible, and a>s much as is necessary 
of the first maxilla, subnientum, and m^entum, to expose the 
right half of the following structures, 

b. The panuoBsophageal conneotives are a pair of short 
thick bands of nervous tissue, running round the 
sides of the oesophagus, from the lower part of 
the supra-CBSophageal ganglia to the sub-oesopha- 
geal ganglia. From each a nerve arises supplying 
the labrum, as well as a nerve belonging to the 
visceral system. 

Q. The 8ub-(B8ophageal ganglia are a pair of large 
ganglia lying between the submentum and the 
oesophagus. Below they give off several nerves^ 
of which the two largest on each side supply the 
maxillary and labial palps. Above, they give off 
connectives, which run back through the neck 
and form the anterior part of the ventral chain. 

2. The ventral chain. 

Fix the cockroach with the dorsal surface tipwards : re- 
move the gizzard, mesenteron, and proctodeum ; and turn the 
crop aside. 

The ventral chain consists of a double series of 
gangUa, with double connectives, running along the 
ventral wall of the body. 

A pair of closely apposed ganglia he in each of 
the three thoracic segments, and a pair of smaller 
ganglia in each of the first six abdominal segments. 
The last pair are the largest of the abdominal 
gangUa, and give off nerves to the various parts of 
the sixth and succeeding segments. 

8. The visceral nervous system arises as a pair of nerves^ 
one from the anterior part of each para-oesophageal 
connective. The two nerves, after giving off a pair 
of nerves to the labrum, unite in the frontal ganglion, 
a small median ganglion on the anterior wall of the 
oesophagus, just below the antennary lobes. From 
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this ganglion a median recurrent nerve mns back- 
wards on the oesophagus, beneath the supra-oesopha- 
geal ganglia, from which it receives a pair of gan- 
glionated nerve-trnnks : it then continues its course 
backwards, as a median nerve, along the oesophagus 
and crop to a small triangular ganglion on the dorsal 
snrfEuse of the crop, about the middle of its length. 
From this ganglion two branches run obliquely back- 
wards over the surface of the crop. 

E. Sense Organs. 

1. The tactile organs have already been examined. They 

are the antennae, the maxillary palps, the labial palps, 
and the anal cerci. 

2. The eyes are very large compound organs which agree 

in essential characters with those of the crayfish. 
The conieal facets are hexagonal. 
8. The fsnestrsB are perhaps sense organs, but their func- 
tion is unknown. 

F. The Beproductive System. 
1. In the male. 

a. The testes are readily recognisable in the young, 

but atrophy in the adult. They are paired organs 
imbedded in the fat-body below the fifth and sixth 
terga of the abdomen. 

b. The vasa deferentia are a pair of narrow tubes 

leading from the testes to the vesioulsB seminales. 

c. The vesiculsB seminales, together known as the 

' mushroom-shaped gland,' are two tufts of white 
glandular caeca, opening into the slightly dilated 
anterior end of the ejaculatory duct. 

d. The ejaculatory duct is a short muscular tube 

opening behind to the exterior, just below the 
anus. 

e. The gonapophyses are a series of dtrong chitinous 

hooks and plates, forming a complex copulatory 
organ. They are asymmetrical, and surround 
the genital aperture. 
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2. In the female. 

a. The OTariei are two sets of elongated tnbnlar organs 
in the hinder part of the abdomen. Each set 
consista of eight tubes, united in front and 
attached by a ligament to the dorsal wall of the 
thorax. Behind and below they unite to form 
the oviducts. Each tube has a moniliform ap- 
pearance, from the bulgings caused by the con- 



Fio. 39.— PeriplaiMU Ameriunft. The hinder part ot the abdomen of 
the female dissected from the right side to show the reproductive 
apparatus. The right ovary with its duct has been removed, and 
only a small portion of the colleterial glands is ghown. The thick 
black lines represent the out edges of the terga, sterna, etc. > 8. 
(c. a. H,) 

A.IU1US. C, BoatcHco". CO. collcterinl glaafe CO, spertoreof duoti 
oroollctFrialRlKiKLii. a. gunaiioplivHB. Q- & kikI a 6, the lut twosbdomlul 
uerre-gsnglla. O. )f!t othtj. OD. IpIi OTi.lucl. CD', medtan oTiduot. 



tained ova : in the hinder and lower part of the 
tube the ova are large and nearly mature ; those 
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in the upper part of the tube are in various 
earlier stages of development. 

At the time of laying, one ovum escapes from 
each ovarian tube, and the sixteen are laid side 
by side in a capsule. 

b. The oviducts, formed as above, are a pair of short 
wide tubes, which unite, and open to the exterior 
by a median vertical slit in the eighth sternum. 

o. The spermatheca consists of two unlike and unequal 
csBca of small size, opening by a median aperture 
on the ninth sternum. It lies close behind the 
last nerve ganglia of the ventral chain. 

d. The coUeterial glands are a pair of much-branched 

tubular glands, whose ducts open separately, but 
close together, behind the spermatheca, and be- 
tween the inner gonapophyses. 

e. The gonapophyses are six symmetrically arranged 

processes, strongly chitinised on their outer sur- 
faces. They are outgrowths of the sternal sur- 
face, between the vulva and the anus ; and aid in 
depositing the eggs. 
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Chapter X. 

THE LANCELET. Amphioxiis lanceolatus. 

Amphioxus is a small semi-transparent fish -like animal, about 
a couple of inches in length, found in shallow parts of the^ 
Mediterranean and other seas. It is of sluggish habits, and 
usually remains buried in the sand, either completely or with 
the anterior end alone protruding ; but if disturbed it swims 
actively by rapid lateral movements of the body. 

Though distinctly belonging to the great group of verte- 
brate animals, Amphioxus is in several important respects 
simpler and more primitive than any of the more familiar 
members of the group. Indeed, in spite of its fish-Uke appear- 
ance and habits, the differences between Amphioxus and an 
ordinary fish, such as a dog-fish or whiting, are of greater 
morphological importance than those separating fish from the 
most highly organised vertebrates, such as birds or man:mials. 
It is therefore necessary to divide vertebrates into two main 
divisions, the first of which, Acrania, includes Amphioxus and 
a degenerate group, the ascidians ; while the second division, 
Craziiota, includes all remaining vertebrates, from fish to 
mammals. 

I. EXTERNAL CHARACTERS. 

Take an adult specimen preserved in spirit, place it in a 
small dish in weak spirit or water, and examine with a pocket 
lens or dissecting microscope. 

a. The shape. Amphioxus is elongated, pointed at 
both ends, and compressed from side to side,. 
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especiallj towards the posterior end. There is 
no obvious head, and no trace of limbs. 

b. The fins. A low dorsal fin runs along the mid- 

dorsal line from end to end of the animal, be- 
coming more prominent at the hinder end as 
the upper lobe of the caudal fin. 

The ventral surface bears a median fin in its 
posterior third, but in front of this is flattened, 
so that the body is triangular in transverse sec- 
tion. The sides of this flattened surface are 
bordered by the lateral fins, or metapleural folds. 

c. The myotomes. The sides of the body are marked 

by a series of > shaped lines, formed by septa of 
connective tissue which divide the great lateral 
muscles of the body into segments or myotomes. 

d. The mouth is a large oval aperture on the ventral 

surface of the anterior end of the body, and is 
fringed on each side by a series of oiUated 
tentacles or -cirri. 

e. The anus is on the ventral surface, not far from the 

hinder end of the body. It is placed a little to 
the left of the median plane, at the base of the 
caudal fln. 

f. The atrial pore is a median aperture on the ventral 

surface, bordered by prominent lips. It is in 
front of the anus, at the junction of the ventral 
and lateral flns, and about one-third the length 
of the animal from its hinder end. Through it 
the water escapes which has been taken in at the 
mouth for respiration. 

II. THE ANATOMY OF AMPHIOXUS. 

Owing to its small size it is not practicable to determine 
all the points of its anatomy by dissection. The external 
characters should be determined by examination of adult 
specimens preserved in spirit. The general anatomy is best 
seen in young specimens, not more than half an inch in 
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length, mounted whole as microsoopical preparations ; while 
the details of structure should be confirmed by microscopical 
examination of transverse sections through various regions of 
the body. 

Examine under a low power a young specimen of Amphi- 
oxus which has been stained and mounted whole. 

Examine also a series of transverse sections through 
va/rious parts of the body of an adult specimen. 

The main features in the anatomy of Amphioxus may 
readily be determined by dissection of an adult specimen 
which has been m^acerated in 20 per cent, nitric acid for a 
day. 

A. The Skeletal System. 

The skeleton of Amphioxus is extremely simple. It con- 
tains neither bone nor cartilage ; but remains throughout life 
in a condition corresponding to a very early stage of develop- 
ment in higher vertebrates. 

1. The notochord is a median elastic rod which traverses 

the body from end to end, lying rather nearer the 
dorsal than the ventral surface, and between the 
central nervous system and the alimentary canal. It 
is in contact with the integument at the two ends of 
the body ; and it serves to slightly stiffen the animal. 
It consists of cells' in which, at an early period, 
large vacuoles appear : these increase in size, and 
ultimately almost completely fill the cells, render- 
ing their outlines difficult to trace. On the dorsal 
and ventral surfaces of the notochord, the cells are 
comparatively unaltered. 

2. The buccal skeleton. At each side of the mouth is a 

curved bar, resembling the notochord in structure. 
Each bar is divided transversely into about a dozen 
short segments, and from these filaments arise which 
support the buccal tentacles. 

8. The skeleton of the median fins. Along the whole length 
of the dorsal fin, except at its extreme anterior and 
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posterior ends, is a longitudinal series of connective- 
tissue compartments filled with a gelatinous sub- 
stance. The compartments are more than twice as 
numerous as the segments of the body, and tiieir 
function is uncertain. A similar structure extends 
along the ventral fin, between the anus and the atrial 
pore. 

4. The branchial skeleton. A series of elastic rods are 
developed in the walls of the pharynx to support the 
gill-arches. Their arrangement will be described 
with the aUmentary canal. 

6. The connective-tissue skeleton. The connective tissue 
of Amphioxus is very dense, and forms a kind of 
skeleton, of which the following are the chief parts. 

a. The sheath of the notochord is a thick sheath 

closely surrounding the notochord. 

b. The neural tube surrounds the central nervous 

system, and is continuous below with the noto- 
chordal sheath. 

c. The septa are sheets of connective tissue which 

run outwards from the notochordal and neural 
sheaths to the integument. They separate the 
successive muscle-segments, or myotomes, from 
one another ; and their lines of insertion into the 
integument form the > shaped markings along 
the sides of the animal. The septa on the two 
sides of the body are not in pairs, but alternate 
with one another. 

B. The Huscular System. 

1. Tlie lateral muscles form by far the largest part of the 
muscular system. They embrace the sides of the 
body along its whole length, and are divided, as 
noticed above, into muscle-segments or myotomes by 
the connective-tissue septa. The muscle-fibres run 
longitudinally, i.e, parallel to the axis of the body ; 
and it is by alternate contractions of these muscles 
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on opposite sides of the body, aided by the elasticity 
of the notocbord, that the lateral iindolatory move- 
ments of the animal when swimming are produced. 

2. The ventral muscles form a sheet covering the ventral 
surface of the body from the mouth to the atrial pore. 
The muscle-fibres run transversely from side to side, 
and by their contraction aid in expelling the water 
from the atrial cavity. 

8. Smaller muscle-bundles are found in relation with the 
mouth and its tentacles, with the gill-apparatus, and 
with the anus and atrial pore. Nearly all the muscles 
are striated. 

C. The Digestive and Eespiratory Systems. 

The alimentary canal is a nearly straight tube, the anterior 
part of which is modified for respiration, as in aquatic verte- 
brates generally. 

1. The buccal cavity is bounded laterally by folds, which 

are anterior prolongations of the atrial folds : within 
these and near their free margins are the curved bars 
which support the tentacles. There are no jaws. 

The anterior part of the buccal cavity is lined by 
a single layer of short columnar epithelial cells, some 
of which bear short flagella. In the hinder part 
of the cavity the epithelium is altogether different, 
the cells being very long and slender, and provided 
with long flagella. The boundary between these 
two regions is marked by a sharply defined sinuous 
Une (fig. 40, p. 172). 

2. The velum is a muscular diaphragm between the buccal 

cavity and the pharynx, opposite the anterior angle 
of the seventh myotome. It is perforated below its 
middle by an aperture which leads upwards and 
backwards into the pharynx, and the hinder border 
of which is fringed with cirri. Below this oral aper- 
ture are a pair of small ' hyoidean apertures ' which 
also connect the buccal cavity with the pharynx. 
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8. The pharynx is a wide sac, forming about half the length 
of the alimentary canal. It is attached along its 
mid-dorsal line to the under surface of the sheath of 
the notochord, from which it hangs down freely into 
the atrial cavity. Its sides are perforated by a large 
number of slit-like apertures — the gill-slits — which 
run obliquely downwards and backwards. The parts 
of the pharyngeal wall between the successive slits 
are narrow bars — the gill-arches—each of which is 
strengthened by an axial rod of a homy substance. 
These arches are of two kinds, arranged alternately ; 
the axial rods of the second, fourth, etc., arches being 
forked at their ventral ends, while the alternate rods 
are unsplit. Each double gill-slit is originally a 
single one, but becomes divided in the course of 
development by the downgrowth of the unsplit bar 
from its dorsal end. The split bars may hence be 
called primary rods, and the unsplit ones secondary 
rods. Like the myotomes the gill-arches are not 
in pairs, but alternate on the two sides of the 
body. 

The successive gill-arches are connected by hori- 
zontal bars, of which there are usually three or 
more to each slit, so that the pharynx has the 
character of an open meshwork. The inner surface 
of the pharynx is lined by columnar flagellate cells, 
which maintain a continual stream of water through 
the gill- slits from the pharynx to the atrial cavity, 
the stream serving to aerate the blood in the vessels 
of the arches as it passes over them. 

Along the mid-dorsal line of the pharynx is the 
deep hyperbranchial gproove, lined by a single layer 
of long columnar ciliated cells. A band of similar 
cells runs along the mid-ventral wall of the pharynx, 
and is folded longitudinally in its hinder part to form 
the hypobranchial groove. 

4. The intestine commences at the hinder end of the 
pharynx, close to the dorsal surface, and runs straight 
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to the anus. It is a direct continuation of the hy- 
perbranchial groove, and at its commencement is 
very narrow : further back it dilates considerably ; 
and this expanded part, which is sometimes called 
' stomach,' is produced into a large pouch-like sac — 
the liver — which runs forwards some distance along 
the right side of the pharynx, and ends blindly in 
front. 

D. The Atrial Cavity. 

The boundaries and relations of this cavity can only be 
determined by the examination of a series of transverse 
sections. 

The atrial or epipleural cavity is the large space which 
surrounds the pharynx at the sides and below : into it the 
respiratory stream of water passes &om the pharynx through 
the gill-slits, to escape finally from the atrial pore. 

In the early stages of development the gill-slits are ex- 
posed on the sides of the body, and the water passes through 
them directly to the exterior. Later on a longitudinal ridge- 
like fold of the body-wall appears on each side of the body 
above the gill-slits, and these atrial or epipleural folds rapidly 
grow downwards so as to form flaps covering over the gill- 
slits : the space between the atrial folds and the body- wall is 
the atrial cavity. The flaps ultimately meet each other below 
the body in the mid-ventral line, and fuse along their whole 
length, except at the atrial pore, which remains open through- 
out life. The anterior ends of the folds grow forwards to form 
the side-walls of the buccal cavity. 

The epithelium lining the atrial cavity is supported by a 
layer of connective tissue, and usually contains a good deal of 
brown pigment, which renders it easy to trace. It is repre- 
sented by the thick black line in figs. 41-48, which show its 
distribution in different regions of the body. It lines the 
inner surface of the atrial folds, covers the outer surface of 
each of the gill-arches, and invests the intestine and liver. 

On the primary gill-arches this layer of atrial epithelium 
is wider than on the secondary arches, and towards the dorsal 

N 
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surface of the pharynx it rises up into folds. Two or more of 
these folds unite on each side to form the suspensory folds of 
che pharynx, which run across from the dorsal part of the 
sides of the pharynx to the inner surface of the atrial folds, 
and separate the atrial cavity below from the dorsal coelomic 
canals above. 

The atrial cavity commences opposite the anterior end of 
the pharynx, and extends back almost as far as the anus: 
behind the atrial pore it is confined to the right side of the 
body. 

E. The CoBlom or Body-cavity. 

Like the atrial cavity this can only be traced by means of 
sections. 

The coslom, or body-cavity, is perfectly distinct from the 
atrial cavity, though its boundaries are not easy to follow, 
and its relations vary considerably in different regions of the 
body. It contains during life a coagulable fluid. 

1. Behind the atrial pore the coelom is a cavity of some 

width, surrounding the intestine and separating it 
from the body-wall. 

2. In front of the atrial pore it becomes greatly reduced, 

owing to the increased size of the atrial cavity : it is, 
however, readily recognisable as a narrow space im- 
mediately surrounding the intestine and the hver. 
8. In the region of the pharynx the coelom becomes much 
subdivided and more difficult to trace. Its chief 
divisions are as follows : — 

a. The dorsal coBlomic canals are a pair of irregular 

spaces lying at the sides of the dorsal part of the 
pharynx, between the atrial folds and the sus- 
pensory folds of the pharynx. 

b. The branchial coelomic canals are a series of tubular 

cavities in the primary gill-arches, lying within 
the folds into which the atrial epithelium is 
thrown on the outer sides of these arches. These 
cavities are very small in the ventral portions of 
the arches, but widen out towards their dorsal 
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ends, and open, as shown in figs. 41 and 42, 
into the large dorsal coelomic ^canals above the 
suspensory folds. 
c. A series of coelomic spaces surronnd^the reproductive 
organs. 
4. The metapleural canals are a pair of wide spaces run- 
ning along the lateral or metapleural folds. They 
are possibly of a lymphatic nature. 

P. The Circulatory System. 

The main features of the circulatory system can he made 
out by examination of a series of transverse sections. 

There is no heart, but the general course of the circulation 
is the same as in other gill-breathiug vertebrates. The blood 
is colourless and contains but few corpuscles. 

The principal vessels are as follows. 

1. The cardiac aorta is amedian longitudinal vessel, running 

forwards along the ventral wall of the pharynx in the 
floor of the hypobranchial groove. 

2. The aortic arches are a series of vessels, arising from the 

cardiac aorta, and running up the primary gill-arches. 
Each aortic arch has at its ventral end a small con- 
tractile dilatation, which lies in the fork between the 
split ends of the axial rod of the gill-arch, the aortic 
arch itself lying along the inner side of the rod. 

By means of vessels in the horizontal bars of the 
pharynx, the aortic arches of the primary arches are 
connected with similar vessels in the secondary 
arches. 

The most anterior aortic arch on the right side 
is much larger than any of the others, and sends 
branches forwards to the anterior end of the body. 

It is while the blood is in these vessels that it 
becomes aerated by the respiratory stream of water 
passing through the gill-slits. 
d. The dorsal aortee are a pair of longitudinal vessels into 
which the aortic arches of both primary and second- 
ary gill-arches open at their dorsal ends. They lie just 
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beneath the notochord one on each side of the h jper- 
branchial groove, and project into the dorsal ccelomio 
canals. 

The dorsal aortae carry the arterialised blood back- 
wards : they unite at the hinder end of the pharynx 
to form a single vessel, which runs back along the 
dorsal surface of the intestine. 

4. The portal veins are vessels running, in the coelom, along 

the ventral surface of the intestine : they collect the 
blood from the intestine and carry it forwards to the 
liver, where they break up into capillaries. 

5. The hepatic veins are vessels which collect the blood 

from the liver and carry it backwards along the 
dorsal surface of the liver. On reaching the junc- 
tion of the liver and intestine, they unite to form a 
single vessel, which turn forwards along the ventral 
surface of the pharynx and becomes the cardiac 
aorta. 

6. A longitudinal vessel runs along the inner side of each 

atrial fold, and supplies the myotomes and reproduc- 
tive organs. 

6. The Excretory System. 

It is not yet certain whether Amphioxus has any definite 
excretory organs. 

The pigmented canals discovered by Lankester are possibly 
excretory. These are a pair of short tubes, with deeply pig- 
mented walls, placed in the twenty-seventh segment of the 
body, opposite the hinder end of the pharynx. They lie, one 
at each side of the body, in the dorsal coelomic canals above 
the suspensory folds of the pharynx. Each tube is attached 
along its outer side to the body- wall, and opens behind into the 
atrial cavity : in front it is considerably contracted, but appears 
to open into the coelomic canal. 

Hatschek regards as a kidney a ciliated canal which lies 
on the left side of the anterior end of the body. It extends 
from the anterior border of the mouth to immediately behind 
the velum, and is believed to open behind into the pharynx. 
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H. The Vervons System. 

The nervous system of Amphioxus consists of: — (1) the 
central portion, which, as in other vertebrates, is a tube of 
nervous matter lying in a sheath of connective tissue imme- 
diately above the notochord, and extending almost the entire 
length of the body ; (2) the peripheral portion, or nerves proper, 
which connect the central portion with the various parts of 
the body. 

The nervous system can he well seen in transverse sections 
of adults^ or by eocamination of young specimens mounted 
whole. If fresh specimens can be obtained, the entire nervous 
system can be isolated by placing them in 20 per cent nitric 
acid for three days, then washing thoroughly and leaving in 
water for a day. By this treatment the connective tissue is 
so softened and loosened that on shaking the bottle the nervous 
system is readily and completely separated from all the other 
parts. It should then be transferred to alcohol, stained, and 
mounted in the usual manner, 

1. The central nervous system or spinal cord is of nearly 

uniform diameter along the greater part of its length : 
it diminishes sHghtly in size towards the anterior end, 
and much more markedly at the posterior end, which 
is very slender. 

The central canal lies much nearer the ventral 
than the dorsal surfeuse : it is very small except at 
the extreme front end, where it expands to form the 
ventricle, from the anterior end of which a small 
diverticulum arises which communicates by a pore 
with a ciliated pit on the dorsal surfeu^ and left side 
of the anterior end of the body. Through this pit 
the central canal of the nervous system opens directly 
to the exterior. 

At intervals along the spinal cord are spots of 
black pigment, contained in cells in the floor of the 
central canal. 

2. The peripheral nervous system consists of nerves of two 

kinds : (1) nerves which arise by single roots, and, 
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except in the case of the first pair, from the dorsal 
surface of the central nervous system ; (2) nerves 
arising by multiple roots, and from the ventral 
surface of the cord. 

a. Verves arising by single roots. These apparently 
correspond to the dorsal or sensory roots of the 
spinal nervBS of other vertebrates : they differ 
from these, however, in having no ganglia, and 
in the fieust that some of their branches are dis- 
tributed to muscles. 

i. The first pair of nerves arise from the ventral 
surface of the anterior end of the central 
nervous system, and supply the anterior fin. 

ii. The second pair of nerves are much larger. 
They arise from the dorsal surface of the 
central nervous system immediately behind 
the first pair. Each divides into three main 
branches, supplying the anterior fin. 

iii. The third pair of nerves are much smaller 
than the second, and arise immediately be- 
hind them. They supply the parts about the 
mouth. 

iv. The fourth pair of nerves arise from the dorsal 
surface of the spinal cord, a short distance 
behind the third pair ; the nerve of the right 
side being a short distance behind that of the 
left side. 

V. The fifth pair of nerves are still more oblique, 
the right nerve arising some distance behind 
the left. 

The succeeding nerves, along the whole 
length of the cord, arise alternately on 
the two sides. These nerves run outwards 
along the connective-tissue septa separating 
the myotomes, and divide into branches sup- 
plying the skin and muscles 
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b. Verves arising by multiple roots. These apparently 
correspond to the ventral or motor roots of the 
spinal nerves of other vertebrates. 

They arise from the ventral surface of the 
spinal cord along nearly its whole length, alter- 
nating with the dorsal nerves ; a ventral nerve on 
one side being opposite a dorsal nerve on the other. 
Each arises by a large number, thirty or more, 
of very slender rootlets, placed one in front of 
another, the entire length of a ventral root being 
nearly equal to the interval between two suc- 
cessive roots. The several rootlets do not unite, 
but pass separately through the connective-tissue 
sheath of the cord, and end in the myotomes. 

I. The Sense Organs. 

The sense organs of Amphioxus are extremely simple in 
structure, and differ markedly from those of the higher verte- 
brates in being unpaired. 

1. The pit-like depression of the skin that places the central 

canal of the nervous system in communication with 
the exterior has been described as an olfikctory 
organ. 

2. The ' eye ' is a rounded pigment-spot in the anterior wall 

of the ventricle, i,e, at the extreme anterior end of 
the central nervous system. 

E. The Beproductive Organs. 

The sexes are distinct, but the males and females are 
alike except as regards the microscopic structure 
of their reproductive organs. There are no special 
genital ducts. 

1. The female. 

The ovaries are a series of saccular organs of a 
horseshoe shape, arranged in a row along the inner 
surface of the atrial fold on each side of the pharynx, 
and extending back as far as the atrial pore. They 
lie in cavities, which are extensions of the ccBlom into 



184 AMPHIOXUS 

the atrial folds : these cavities are readily recognis- 
able while the ovaries are young, but become ahnost 
obliterated when the ova ripen. 

The ova, when mature, are discharged into the 
atrial cavity by dehiscence of the proper wall of tlie 
ovary and of the atrial membrane. The discharged 
ova, together with the projecting ovaries, form a 
bulky mass, which causes great distension of ihe 
atrial cavity and distortion of the pharynx and other 
organs. 

The ova, which measure ^ inch in diameier, 
ultimately pass through the gill -slits into the 
pharynx, and escape through the mouth ; or possiUy 
through the hyoidean apertures. 

2. The male. 

The testes are similar in form and position to the 
ovaries; and the spermatozoa, when ripe, are dis- 
charged like the ova into the atrial cavity, from which 
they escape by the atrial pore. 

in. EXAMINATION OF TRANSVERSE SECTIONS. 

Many points in the anatomy of Amphioxiis are determined 
far more readily by an examination of transverse sections of 
the whole animal than by dissection. For this purpose an 
entire specimen should be cut by means of a microtome^ and 
the sections mounted on slides in their proper sequence. It 
is only necessary to examine in detail a few of the more 
typical ones, 

A. Transverse Section passing through the Buccal Cavity. 

1. General characters. The dorsal surface is indicated by 
the laterally compressed dorsal fin : the ventral 
surfEUse by the mouth -opening, which is bordered at 
the sides by the thickened lips; within the buccal 
cavity are usually seen sections of the tentacles. 
About the middle of the section is the notochord, 
and above this is the spinal cord. At the sides are 
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the myotomes, separated from one^another by con- 
nective-tissue septa. 

2. The skin consists of two layers. 

a. The epidermis is a single layer of short columnar 

cells, with a thick cuticle on their outer ends. 

b. The dermis is a very thin layer of connective tissue, 

underlying and supporting the epidermis. 

8. The skeletal system. 

a. The notochord is slightly oval, its longer axis being 

vertical. It is crossed by numerous wavy trans- 
verse bands, the spaces between which are oc- 
cupied by a homogeneous substance : this latter 
is the coagulated semifluid matter occupying the 
vacuoles of the notochordal cells, the outlines of 
which are indicated by the wavy bands. 

Near the surface of the notochord, and 
especially in the dorsal region, cells may be 
seen which have undergone comparatively little 
modification. 

b. The connective tissue forms a thick deeply-staining 

investment to the notochord, which is prolonged 
upwards to enclose the spinal cord, and outwards 
to form the septa : these latter separate the myo- 
tomes from one another, and are continuous at 
their outer borders with the dermis. 

c. The buccal skeleton. Sections of the segmented 

rods which strengthen the lips are seen border- 
ing the entrance to the buccal cavity : a smaller 
rod occupies the axis of each tentacle. In struc- 
ture these rods resemble the notochord. 

d. The skeleton of the dorsal fin. The dorsal fin is 

filled with a gelatinous homogeneous substancci 
which stains slightly with reagents. 

4. The muscles. 

a. The myotomes are seen as squarish masses of 
muscle, lying along the sides of the body in the 
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compartments formed by the septa. Owing to 
the obliquity of the myotomes, three or more 
are cut in each transverse section, and owing to 
their > shape each myotome is cut twice. The 
myotomes of the two sides are not opposite, but 
alternate with each other. 
b. Other much smaller muscles are seen in connection 
with the buccal skeleton and tentacles. 

6. The atrial cavity. 

The buccal cavity is, strictly speaking, part of 
the atrial cavity, and not of the alimentary canal, 
its sides being formed by growth forwards of the 
anterior ends of the atrial folds. The true mouth 
of Amphioxus is the aperture in the velum leading^ 
into the pharynx, and not the entrance to the buccal 
cavity. 

The epithelium lining the buccal cavity consists 
of a single layer of cells, which in the anterior and 
ventral part are short and columnar, but in tho 
posterior and dorsal region are much elongated, 
slender and flagellate. 

6. The nervous system. 

a. The spinal cord lies in a connective-tissue sheath 
immediately above the notochord. In transverse 
section it is somewhat triangular, with rounded 
angles, and is rather wider from side to side than 
it is dorso-ventrally. 

The central canal lies nearer the ventral than 
the dorsal surface : it is lined by short columnar 
ciliated cells, and immediately below it are the 
large deeply pigmented cells already seen in the 
whole animal. From the central canal a narrow 
vertical slit extends upwards to the dorsal surface 
of the cord, both the canal and the slit being bor- 
dered by large nerve-cells. In young specimens 
the slit is open above, but in adults it is closed 
by connective tissue, and by processes of the 
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nerve-cells growing across it from side to side. 
The greater part of the cord has a finely punc- 
tate appearance, caused by the cut ends of the 
nerve-fibres. 

b. The nerves will only be recognised if the section 
happens to pass through their roots of origin. 

i. The dorsal nerves arise by large single roots from 
the sides of the cord, about midwi^ between 
the dorsal and ventro-lateral angles. 

ii. The ventral nerves arise by very minute and 
multiple rootlets from the ventro-lateral 
angles of the cord. 

B. Transverse Section through the Anterior Part of the 
Pharynx. 

1. Oeneral characters. The section is triangular in shape, 

the apex being formed by the dorsal fin, the base by 
the ventral surface, and the basal angles by the meta- 
pleural folds. The pharynx, perforated by the gill- 
slits, and surrounded by the atrial cavity, lies below 
the notochord. 

2. The skin of the ventral surface is thrown into very 

strong folds, to allow for the distension of the atrial 
cavity when the reproductive organs attain their full 
size. Its general characters are the same as in A. 

8. The skeletal system is the same as in A, except that the 
branchial skeleton is present, and that there is no 
buccal skeleton. 

4. The muscular system. 

a. The myotomes are similar to those of A, but con- 

siderably larger. 

b. The ventral muscles form a thin sheet running 

in the atrial fold of each side from the lowest 
myotome to the mid-ventral line, where the 
muscles of the two sides meet in a median raphe. 

c. Small muscular bands are present in the suspensory 

folds of the pharynx and in the gill-arches. 
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5. The pharynx is of an inverted beart-ah&pe in tr&nsveree 
Bection. 
a. The branchial ban, or gill-orohos. Oinng to their 
obliquity and extreme closeness to one another 
twenty or more bars may be cut on each side in a 
single section. Each bar is clothed on its outer 
surface by the atrial epitbelinm, which is a eingle 



Fia. 41.— Amphiosni Isnoeolfttn*. Transverse section throng tlie 
anterior port of the phaiyni of an adult specimeo. The boundar7 
o( the atrial cavit; is indicated b; a thick black line. {k. ti. u.) 

A. >keleton ol iloreal &a. B, iploai card. C, nolwhord. D, conneatlre- 
tluue iboilli aiuTaanilng notochord. B, ciTltj of phUTm. J", hyper- 
brBDchlhL grooTe of pltar^nx. G, bypobranohUl band oJ phAryiu, which Id 

BUBpenwry (eld of pbu>ni, Hpantin^ tlie daml ocelcmlc cankl fntm the 
iitrl&l cavity, Z. gftl-Hfcb or brancblal bar ; tLo wbitu ulaogular «pot npn- 
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layer of colamnar cells. Immediately within this 
is the skeletal rod, deeply grooved along its inner 
surface. The rod is ensheathed in connective 
tissue, which nms inwards from it as a narrow 
plate clothed on each side by the pharyngeal 
epithelium, a single layer of very long columnar 
flagellate cells. 

The branchial bars are alternately large and 
small, the difference being especially marked at 
their outer edges. The large ones are the primary, 
and the small ones the secondary bars. 

In the large primary bars a small space is 
visible between the atrial epithelium and the 
skeletal rod. This space, the branchial coelomic 
canal, which is part of the coelom, is much 
larger in the dorsal than the ventral bars of the 
section, and in the most dorsally placed ones it 
becomes a space of considerable size, the atrial 
epithelium being prolonged outwards for some 
distance. The uppermost two or three of these 
outward prolongations of the atrial epithelium 
unite together to form the suspensory folds of the 
pharynx, which sling it to the inner surface of the 
atrial folds, the branchial ccBlomic canals opening 
here into the dorsal coelomic canals (fig. 41). 

b. The hyperbranchial gproove is a deep median groove 

in the dorsal wall of the pharynx immediately 
beneath the notochord. It is lined by columnar 
epithelium. 

c. The ventral wall of the pharynx is a flat or sUghtly 

convex plate, the hypobranchialband, covered by 
a layer of columnar epithelial cells. The hypo- 
branchial groove does not extend into this part 
of the pharynx. 

6, The atrial cavity surrounds the sides and ventral surface 
of the pharynx, lying between it and the atrial folds, 
and communicating with the cavity of the pharynx 
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through the gill-sHts. The atrial epithelium consists 
of a single layer of pigmented columnar cells, and is 
often much folded on the ventral wall. 

7. The cODlom is much subdivided in this region : its 

principal divisions are as follows. 

a. The dorsal coDlomic canals are a pair of large ir- 

regular spaces at the sides of the hyperbranchial 
groove, above the suspensory folds of the pharynx, 
and between these and the atrial folds. 

b. The branchial coelomie canals are the cavities in 

the primary branchial bars, between the atrial 
epithelium and the skeletal rods. They all open 
at their dorsal ends into the dorsal coelomie canals. 

8. The metapleural canals are a pair of large spaces, 

triangular in section, lying in the metapleural folds. 

9. The circulatory system. The vessels can be readily re- 

cognised in sections, owing to the coagulated blood 
which they contain. 

a. The cardiac aorta is a median vessel lying in the 

floor of the pharynx. 

b. The dorsal aortsB are a pair of vessels lying one on 

each side of the hyperbranchial groove. 

c. The aortic arches lie in the branchial bars, both 

primary and secondary, along the inner sides of 
the skeletal rods. 

10. The nervous system is the same as in A. 

G. Transverse Section passing through the Hinder Part of 
the Pharynx. 

1. Oeneral characters. The section is larger than B, pass- 
ing through the thickest part of the body. It is 
triangular in shape, the angles being formed by 
the dorsal and lateral fins respectively. The section 
passes through the laterally compressed pharynx, on 
the right side of which is the liver. The reproduc- 
tive organs project into the atrial cavity from the 
inner sides of the atrial folds. 
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The cutaneous, skeletal, muscular, &nd oervouB 
systema are practically the same as iu B. 
2. The digestiTe system. 

a. The pharynx has the same structure as in B, but 
differs markedly in shape, being strongly oom- 
pressed laterally, so that its two sides are almost 



Fio. 42.— Amphloiu iRneeoUtiu. Transverse section throogh (ha 
hinder part ot the pharjni of an adult female, passing through the 
liver and ovaries. The boundar; o( the atrial cavit; is indicated 
by a thick black line. {a. a. h.) 

tlttofl ilLMth of Dotoohord. S. cuTity ot p1iU3'uz. V, by]>erbrauchtAl 
groove. Q, hj-pobmnchUl groove. E. atrUI ctvitf. L, Ktit. Hi doruL 

liver. OV. ovary.' P, meUpLeuml can.], 'h, loft ilorail aorta. B, oardlao 
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in contact with each other; and the hypo- 
branchial groove is as well marked as the hyper- 
branohial. 
b. The Uver lies at the right side of the pharynx, and 
is oval in section. Its walls are thick, and consist 
of a single layer of very long and slender flagellate 
cells, resting on a thin outer wall of connective 
tissue. 

8. The atrial cavity has the same general relations as in 
B. The atrial epithelium covers the outer surfiskces 
of the branchial bars, and the suspensory folds of 
the pharynx; and is continued downwards over 
the inner surfaces of the atrial folds, covering the 
reproductive organs, and being thrown into folds 
along the ventral wall of the atrial cavity. It also 
forms an investment to the liver. 

4. The coelom is still more subdivided than in B : its main 

divisions are as follows. 

a. The dorsal eoelomic canals are a pair of large spaces 

above the suspensory folds of the pharynx, as in B. 

b. The branchial eoelomic canals are a series of cavi- 

ties in the primary branchial bars, as in B. 

c. A space surrounding the liver, between its proper 

wall and the atrial epithelium, is part of the 
coelom. 

d. Paired spaces immediately surrounding the re- 

productive organs are also extensions of the 
coelom. 

5. A pair of large metapleural canals lie in the lateral fins. 

6. The circulatory system. 

a. The cardiac aorta, the dorsal aortse, and the aortic 

arches are the same as in B. 

b. The portal veins lie on the liver, in the eoelomic 

space surrounding it. They are often difficult to 
identify in transverse sections. 
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c. The hepatic veins are three or four vessels lying 
side by side on the dorsal surfisM^e of the liver, in 
the ooelomic space between the liver and the atrial 
membrane investing it. 

7. The reproductive organs occupy similar positions in the 

two sexes. They are masses, varying in size accord- 
ing to the degree of ripeness of the ova or spermatozoa, 
lying on the inner sides of the atrial folds, and pro- 
jecting into the atrial cavity. 

D. Transverse Section passing through the Atrial Pore. 

1. General characters. The section is smaller than the pre- 

ceding one, and the myotomes reach much farther 
down the sides. The intestine is cut across, but the 
section lies entirely behind the reproductive organs. 
The metapleural folds are present, but are much 
smaller than in B or C, and between them in the 
median plane is the atrial pore. 

The skin, and the skeletal, muscular, and nervous 
systems are practically the same as in B, except that 
the ventral muscles are absent. 

2. The intestine is circular in section. Its walls are thick 

and, like those of the liver, consist of a single layer 
of very long and slender epithelial cells, resting on 
a thin connective-tissue basement membrane. 

8. The atrial cavity surrounds the sides and the ventral 

surfiEUse of the intestine, and opens to the exterior at 
the atrial pore in the mid- ventral line between a pair 
of thickened and prominent lips, which are prolonged 
backwards like a spout. 

4. The coelom is reduced to a narrow space surrounding 

the intestine, between its proper wall and the atrial 
membrane. 

5. The metapleural canals are very greatly reduced in size. 

6. The oiroulatory system. 

a. The dorsfll aorta is a median vessel, between the 
notochord and the intestine. 

o 
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b. The portal or Bvb-inteBtinal veiiu are three or four 
vessels lying side by side on the ventral surface 
of the intestine, in the ccelomie space surround- 
ing it. 



Fio. 43. — Amphiozni lanceoUtni. TiauBverEe sectian ot on adult 
Bpecimen, pasBicg through the atrial pore. The boaDdar; ot the 
atrial cavitj is indicated b; a thick black line. (>. x. u.) 

A, Bkelflou o( dor«l tin. B, BpliiBl cord. C. nntoohonl D, coDOWtiro- 

tluue 9ta«th ot nntwiiord. H, atrial ciTlty, K, IntatLne, O. ccslomle 

tfaae iiuTouudLiig inlfiUnc. P, nteUplenr^ caul. Q. dorul norts, D, 

portal Telua, T, AtrlAl pore. W. raetapleural foldK. 

E. TratuverBe Section pasting throi^b the Anni. 
1. 0«aeral obaraoten. The section is much smaller than 
the preceding ones. It la oval, with median dorsal 
and ventral fins, and the notocbord occupies its 
centre. 
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The section lies behind the atrial cavity, which is 
therefore entirely absent. 

Ibe skin and the skeletal, muscular, and nervous 

systems are practically the same aa in B, except that 
the ventral muscles are absent. 



Fio. 44. — Amphlaxoi lineaoUtu. Trnnaveise section of a 
spemmen, pasBing through the onus. {i. x. u.) 
A, donal (In. B, "pln»l oord, C. nglochonL D. conoecllTB-tlMUi 
of nQlochord. I, ventral flu. K, laleatibt. K', luini. O, cwlQin. C 



2. The intestine Ilea below the notochord, and ibe anoa is 

on the left side of the ventral fin. 
8. The o<elom is a space surrounding the dorsal and lateral 

surfaces of the intestine. 
4. The dorsal aorta is a median vessel in the connective 

tissue below the notocbord. 
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Chaptek XI. 

THE DOG-FISH. Scyllium canicula. 

The dog-fish, together with the sharks and skates, belongs to 
the group of fish known as Elasmobranchs, the great majoritj 
of which are powerful swimmers, of carnivorous habits, and 
exceedingly voracious. One of the chief characters of the 
group is that the internal skeleton remains cartilaginous 
throughout life, no bone being developed in it : hence Elasmo- 
branchs are frequently spoken of as cartilaginous fish. 

There are several kinds of dog-fish found off our own coasts. 
The following description is taken from one of the most abun- 
dant species, but will apply with but slight changes to any of 
the common forms. Skates differ markedly from dog-fish in 
external appearance, owing to the enormous size of their 
pectoral fins, which form the great lateral wing-like expan- 
sions of the body : as regards internal structure, however, the 
differences are comparatively unimportant, and a skate might 
easily be dissected by following the directions given in this 
chapter. All the measurements here given are taken from 
a dog-fish of about two feet in length, which will be found 
the most convenient size for dissection. 

Most dog-fish lay eggs, which are of large size, and enclosed 
in homy capsules produced at their angles into long spirally 
twisted strings for attachment. In many cases the eggs are 
retained within the oviduct during part or the whole of their 
development ; and in some few species a still closer relation is 
established between the mother and the embryo, similar in its 
essential features to the placenta of mammals, whereby the 
embryo obtains during its development a supply of nutriment 
direct from the mother. 
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I. EXTERNAL CHABACTEBS. 

Lay the dog-fish on a hoard, and determine the following 
points. 

A. General Appearance. 

The body is greatly elongated : it is broadest about the level 
of the pectoral fins, in front of which it is flattened dorso- 
ventrally, ending in the blunt rounded snout. The hinder 
part of the body is compressed laterally, and tapers gradually 
to the end of the long slender tail, the hindmost three or 
four inches of which are bent up at an angle. 

The general colour is grey ; paler on the ventral surface, 
and marked on the dorsal and lateral surfaces with dark brown 
spots. The entire surface is covered with small scales, and 
along each side of the head and body there runs a slight 
longitudinal groove, the lateral line. 

B. The Fins. 

The fins are flattened outgrowths arising from various parts 
of the body. Each is supported by an internal cartilaginous 
skeleton, and is usually triangular in shape, the base or 
attached border being very commonly free at its posterior end. 

1. Median fins. 

a. The dorsal fins are two in number, the anterior 

and larger one being placed about the middle of 
the length of the body, and the posterior one a 
short distance further back. 

b. The caudal fiii forms a vertical fringe around the 

posterior four or five inches of the tail. Its dorsal 
portion is narrow, its hinder end truncated, and 
its ventral portion partially subdivided into a 
small posterior and a large anterior lobe. 
e. The ventral fin is placed opposite the interval be- 
tween the two dorsal fins. 

2. Paired fins, representing the limbs of higher vertebrates. 

a. The pectoral fins are the largest of all the fins, and 
project horizontally outwards from the sides of 
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the ventral surface of the body, just behind the 
head. 
b. The pelvic fins are smaller than the pectoral, and 
are placed on the ventral surface of the body, a 
little way in front of the middle of its length. 
Their inner borders touch each other, and in 
the male are fused together behind. 

In the male the inner border of each pelvic 
fin is separated from the rest of the fin, and 
specially modified to form a copulating organ or 
clasper : this is a stout, backwardly directed rod, 
deeply grooved along its inner and dorsal surfekce. 
The groove leads forwards into a sac which lies 
just beneath the skin of the ventral surfeuse, close 
to the median line, and ends blindly about an 
inch in front of the pelvic girdle. 

0. External Apertures. 

1. Median apertures. 

a. The mouth is a large transverse crescentic opening 

on the under surface of the head, a short distance 
from its anterior end. 

b. The cloacal aperture is on the ventral surfeice of 

the body between the pelvic fins, i,e, in front of 
the middle of the length of the body. It gives 
exit to faecal matter from the intestine, and to 
the renal and genital products. 

2. Paired apertures. 

a. The nostrils are a pair of large circular apertures 

on the under surface of the head in front of the 
mouth, with which they are connected by wide 
grooves covered by flaps of skin. 

b. The spiracles are a pair of small apertures on the 

sides of the head, just behind the slit-like open- 
ings of the eyes. They are really a pair of gill- 
clefts. 

Pass a seeker down one of the spiracles into the mouth. 
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0. The gill-clefts are a series of five vertical slits on 
each side of the neck, in front of and slightly 
above the pectoral fins. They open obliquely 
backwards, and during life give exit to the water 
passed from the mouth over the gills for the 
purpose of respiration. 

Pass a seeker through the gilUclefts into the mouth, 

d. The abdominal pores are a pair of small apertures 
opening into pocket-like depressions, at the sides 
of the cloacal aperture, and between the pelvic 
fins. They communicate with the abdominal 
cavity, and are best seen from within (p. 217) ; 
they are often closed in young specimens, espe- 
cially in females. 

8. Scattered apertures. 

a. The apertures of the mucous canals are rows of 
minute openings arranged sjrmmetrically on the 
surface of the head, and especially abundant on 
the snout. They lead into tubes of considerable 
length — the mucous canals — which lie beneath 
the skin, and are filled with a transparent gela- 
tinous substance. 

Squeeze the head so as to 'press out the gelatinous su^b- 
stance, and so render the openings of the tubes more obvious, 

D. The Scales and Teeth. 

1. The scales. The whole surface of the body is covered 
with small placoid scales, which are special de- 
velopments of the skin. 
a. General arrangement. The scales are larger on the 
dorsal than on the ventral surface, and differ 
somewhat in shape in different parts of the 
body. Their projecting points are directed back- 
wards, so that the finger can be readily passed 
along the body from the head to the tail, but 
meets with considerable resistance in the reverse 
direction. 
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b. Strnetore of the scales. 

Cut out a small piece of sfem, and boil it for a few minutes 
in solution of caustic potash to isolate the scales. Mount them 
in glycerine, and examine with the microscope. 

Each scale consists of a bony base, usually 
four-lobed| &om which a pointed spine of dentine, 
capped with enamel, projects backwards. 

2. The teeth are really the enlarged scales of the skin 
covering the jaws. They are arranged in several 
rows, and have their points directed backwards. 

n. THE SKELETON. 

The skeleton of the dog-fish forms an important link 
between the exceedingly simple condition seen in Amphioxus 
and the complicated bony framework of the higher vertebrates. 

In the embryo a rod-like notochord extends down the 
back, immediately beneath the central nervous system and 
dorsal to the alimentary canal, similar to that of Amphioxus, 
except that it does not reach quite to the anterior end of the 
body. Around this notochord a sheath of cartilage is formed, 
which in the head gives rise to the base of the skull, and in 
the body becomes divided transversely into segments — the 
centra or bodies of the vertebrae — the Hexibility of this region 
being thereby increased. 

Above the centra neural arches are formed, which sur- 
round and protect the brain and spinal cord ; and below them 
hsemal arches, which tend to enclose the body-cavity. 

Besides this axial skeleton a visceral skeleton is developed 
around the anterior part of the alimentary canal, and skeletal 
elements are also formed in relation with the fins. 

The skeleton consists throughout life of cartilage. It is 
hardened in many places by deposition of calcareous salts, 
but no true bone is developed in it. 

The skeleton of the dog-fish is best prepared by taking 
afresh specimen, dipping it in hot water a few degrees beUno 
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boiling point for a few mirmtes, in order to soften the connec- 
tive tissue, and then scraping or brushing away the soft parts 
until the skeleton is clean. Specimens so prepared nmst not 
be allowed to dry, but should be kept in weak spirit. 

A. The Vertebral Column, or < Backbone.' 

A typical vertebra consists of a centrum, traversed by the 
notochord ; a dorsal or neural arch, surrounding the spinal 
cord; and a ventral or heemal arch surrounding the body- 
cavity. The caudal or tail vertebras of the dog-fish are per- 
fectly typical, while the anterior or trunk vertebrsB have the 
hsBmal arch modified or absent. 

The structure of the vertebral column is best made out 
by cutting longitudinal, transverse, and horizontal sections 
through varums parts of its length, and comparing these with 
one another. 

1. The centra are short cylinders of cartilage, about as long 

as they are wide, connected together by intervertebral 
ligaments of strong connective tissue, which allow 
slight movement between the successive vertebrse 
and free flexion of the column as a whole. 

Each centrum is a ring, thin at its ends, but 
thickened on its inner side in the middle of its 
length, so that the cavity is hour-glass-shaped 
(fig. 49, p. 224). The inner surface of the ring is 
very densely calcified. 

The notochord persists throughout the whole 
length of the column: it is moniliform in shape, 
being greatly constricted opposite the middle of each 
vertebra, but dilated almost to the full width of the 
column in the intervertebral spaces. 

2. The hesmal arches. 

In the anterior part of the vertebral column the 
centra are flattened ventrally, and produced laterally 
into blunt horizontal transverse processes which bear 
at their ends movably articulated cartilaginous ribs, 
about half an inch in length. 
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Further back the transverse processes become 
more prominent and project ventrally as hsemal 
processes, causing the under surface of the column 
to appear grooved. 

In the tail the ribs are absent, and the haemal 
processes of each vertebra meet and unite mid- 
ventrally, thereby completing the hssmal arch. 

At the hinder end of the tail, opposite the caudal 
fins, the haemal arches are produced downii^udB into 
median hsBnial spines of some length and breadth. 

The haemal arches develop independently of the 
vertebral centra, but become connected with these at 
a very early date. 

8. The neural arches are made up of elements of three 
kinds; the neural processes, neural plates, and 
neural spines. 

a. The neural processes, forming the bases of the 

neural arches, are blunt processes projecting 
upwards from the sides of each vertebra opposite 
its middle. 

b. The neural plates are a series of thin hexagonal 

plates of cartilage which form the sides of the 
neural canal (fig. 49). On each side there are 
twice as many neural plates as there are vertebrae, 
the neural plates being placed alternately opposite 
the middles of the vertebrae, and opposite the in- 
tervertebral intervals. The former or vertebral 
neural plates are fused in the adult with the tops 
of the neural processes, and have their posterior 
borders notched for the passage of the ventral 
roots of the spinal nerves. The dorsal roots of 
the nerves pass out through notches in the pos- 
terior borders of the intervertebral neural plates. 

c. The neural spines are a series of median nodules 

of cartilage, wedged in between the dorsal ends of 
the neural plates so as to complete the neural 
arches dorsally. 
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Along the greater part of the length of th& 
column there are two neural spines to each 
vertebral but in places the arrangement is les& 
regular. 

B. The SkulL 

The skull of the dog-fish remains cartilaginous throughout 
life, thereby escaping the complications that result from the 
development of bone : in it, also, the several factors of which 
the skull is made up are more readily determined than in 
the higher forms. For these reasons it is peculiarly instruc- 
tive, affording an important clue to the complex condition 
met with in higher vertebrates. 

The skull consists of, (1) an axial tube, the cranium 
proper, open at both ends, which lodges the brain, and is to 
be regarded as an anterior unsegmented continuation of the 
vertebral column ; and (2) the olfetctory and auditory sense 
capsules, which are cartilaginous capsules investing the nose 
and ear respectively. These latter are at first independent 
of the cranium, but in the adult fuse with it, forming lateral 
expansions of its anterior and posterior ends. This fusion of 
the sense-capsules and cranium is so complete that they will 
be described together. 

1. General form of the skull. 

The skull is a somewhat oblong box of cartilage, 
deeply hollowed at the sides to form the orbits for 
the lodgment of the eyes, and ending in front in a 
short pointed rostrum formed by three converging 
rods. 

The olfactory capsules are thin-walled lateral 
expansions at the anterior end, in front of the 
orbits ; and the auditory capsules are more massive 
projections behind the orbits. 

Examine the several surfaces of the skull in succession, 
identifying the parts described below. 

2. The dorsal surface of the skulL 

a. The ol£EuHx)ry capsules are a pair of large oval 
cartilaginous sacs at the anterior end of the skull : 
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they have very thin walls and are readily torn. 
Their long axes are placed somewhat obliquely, 
and they are separated from each other by a thin 
median intemasal septunL 

b. The rostrnm is formed by three cartilaginous bars, 

of which two run forwards from the upper sur&ce 
of the olfeustory capsule, converging in front ; 
while the third is an anterior prolongation of the 
floor of the cranium, or brain-case. 

c. The anterior fontanelle is a large, almost circular 

hole in the roof of the skull, between and behind 
the olfactory capsules. During life it is closed by 
a connective-tissue membrane, in connection with 
the inner surface of which is the pineal body. 

d. The supra- orbital crests are prominent curved ridges 

of cartilage running along the sides of the skull 
from the olfactory to tho auditory capsules, and 
forming the dorsal boundaries of the orbits. 
Along the inner side of each crest, between it 
and the cranium, is a shallow longitudinal groove 
in which lies a bundle of mucous canals. 

e. The foramina for the ophthalmic nerves are a pair 

of small apertures behind and to the outer sides 
of the anterior fontanelle, and to the inner sides 
of the supra-orbital crests. Through them the 



Fxo. 45.— Soylliam canioula. The skull and visceral skeleton with the 
anterior part of the vertebral colnmn, seen from the right side. 
The labiiJ cartilages and gill-iikys are omitted, (a. m. m .) 

At auditory capsule. B. poet-orbital groore. O, inter-orbital oanal. 
D« pre-epiractdar ligament : the white spot below the reference line is the 
pre-spiracnlar cartilage. B, upper jaw. F, lower jaw. Q-, hyo-mandibolar 
cartilage. H. cerato-hyal. I, pharrngo-branohlaL K, epi-bxanchial. Ii^oerato- 
branomal. M, extra-branchial. xS*, vertebral neural plate. NO, olfikctory 
capsule. O, centrum of vertebra. F, intervertebral nenralplate. B» neural 
spine. St foramen for the ventral root of a spinal nerve. T, foramen for the 
dorsal root of the same nerve. TTt orbital grooves, lodging the ophthahnio 
branches of the fifth and seventh nerves. 'W, aperture at end of orbital 
groove through which the ophthalmic branches of the fifth and seventh nerves 
leave the orbit. Z, ethmo-palatine ligament. 

lit optic foramen. Ill, foramen for third nerve. IV, foramen for fourth 
nerve, v, foramen for the main branches of the fifth and seventh nerves, and 
fbr the sixth nerve. Va. foramen for the ophthalmic branch of the fifth nerve. 
Vila, foramen for the ophthalmic branch of the seventh nerve. TIT, foramen 
for the ninth or glosao-pharyngeal nerve. 
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ophthalmic branches of the fifth and seventh 
] nerves pass from the orbit to the dorsal surfEuse of 

' the olfi&ctory capsules. 

f. The auditory capsules are large lateral projections 
at the hinder end of the skull. They lodge the 
auditory organs, certain parts of which can be 
recognised without dissection. 

i. Between the two auditory capsules there is a 
median depression, at the bottom of which are 
a pair of holes. Each hole leads downwards 
and outwards into a canal, the aqueductos 
vestibuli, which opens below into the internal 
ear. 

Pass a seeker down the aqvsductus vestibuli on one side 
into the ear. 

ii. From the outer side of the aperture of the aque- 
ductus vestibuli on each side, a ridge runs for- 
wards and outwards across the skull-roof and 
towards the orbit. In this lies the anterior 
vertical semicircular canal of the ear, which 
can usually be seen through the cartilage. 

iii. A similar ridge, running backwards and out- 
wards from the same point, lodges the posterior 
vertical semicircular canal. 

iv. The external or horizontal semicircular canal 
can usually be seen through the cartilage, 
lying to the outer side of the other two canals, 
and with its convexity directed outwards. 

8. The side of the skull. 

a. The rostrum and olfEictory capsule have already been 
seen. 

b. The orbit is the deep oval concavity at the side of the 
skull, extending from the olfactory to the auditory 
capsule, and bounded above and below by the 
prominent supraorbital and sub-orbital ridges. 
It lodges the eyeball and its muscles, and is 



I 
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traversed by numerous nerves ; the rest of the 
space being occupied by the large orbital blood- 
sinas. 

Identify the following structures within the orbit. 

i. The orbito-nasal foramen is a small round hole 
at the anterior inferior angle of the orbit, 
through which the veins of the anterior part of 
the head communicate with the orbital sinus. 

ii. The optic foramen is a large hole about the 
middle of the length of the orbit and near its 
ventral border. Through it the optic nerve 
enters the orbit. 

iii. The foramen for the third nerve is a small hole 
in the inner wall of the orbit, about a quarter 
of an inch behind the optic foramen and a 
little above it. 

iv. The foramen for the fourth nerve is a very 
small hole near the dorsal border of the inner 
wall of the orbit, vertically above or very 
slightly behind the optic foramen. 

V. The foramen for the fifth and seventh nerves is 
a large hole at the posterior and ventral angle 
of the orbit, immediately in front of the audi- 
tory capsule. Through it the main branches 
of the fifth and seventh nerves, and also the 
sixth nerve, enter the orbit. 

vi. The aperture of the inter-orbital canal is a 
small round hole just in front of, and a little 
below the foramen for the fifth and seventh 
nerves, and below and behind the foramen 
for the third nerve. The canal traverses the 
base of the skull, and places the orbital sinuses 
of the two sides in communication with each 
other. 

vii. The foramina for the ophthalmic branches of the 
fifth and seventh nerves. These nerves enter 
the orbit through two holes near its hinder 
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end, just in front of the auditory capsule, and 
above the foramen for the main branches of 
the fifth and seventh nerves : the aperture for 
the ophthalmic branch of the seventh nerve 
is the larger of the two, and placed slightly 
above and behind that for the fifth. From 
these apertures shallow grooves run forwards 
along the inner wall of Uie orbit, close to its 
dorsal border, to the foramen by which the 
two nerves leave the orbit : this is situated 
at the antero-superior angle of the orbit, and 
has ahready been seen on the dorsal surface 
of the skuU. 

c. The articular surfEU^e for the hyo-mandibular ear- 

tUsLge is a concave depression on the side of the 
hinder end of the skull, below the auditory cap- 
sule. 

d. The post-orbital groove is a deep horizontal groove 

immediately above the articular surface for the 
hyo-mandibular cartilage, and overhung by the 
projecting ledge of the auditory capsule which 
lodges the horizontal semicircular canal : it lodges 
during life the venous canal through which the 
orbital sinus communicates with the anterior 
cardinal sinus. 

The anterior end of the groove is bridged over 
by the upper end of the stout pre-spiracular liga- 
ment. 

e. The foramen for the glosso-pharyngeal nerve is at 

the hinder end of the floor of the post-orbital 
groove, behind and below the horizontal semi- 
circular canal of the ear. 

4. The ventral 8ur£ace of the skuU. 

a. The under surface of the skull is a broad flat plate 
of cartilage, crossed almost transversely a little 
behind its middle by a pair of grooves in which 
the carotid arteries lie. At the point of meeting 
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of the grooves in the middle line is an aperture 
through which the internal carotid artery enters 
the skull. 

b. The apertures of the oUEMtory capsules are large, 
but are considerably reduced by the nasal car- 
tilages, which are liable to be torn m cleaning 
the skull. Within the capsules are seen the large 
foramina, closed in the natural condition by fenes- 
trated membranes, through which the olfiekctory 
nerves enter. 

5. The posterior end of the skulL 

To see this properly the skull must he separated from the 
vertebral column. 

a. The foramen magnum is the large median hole 

through which the spinal cord enters the skull to 
expand into the brain. 

b. The notochord lies immediately below the foramen 

magnum. 

c. The condyles are a pair of rounded prominences 

at the sides of the notochord, and below the fora- 
men magnum : they articulate with the first 
vertebra. 

d. The foramen for the pneumogastric nerve of each 

side is at the bottom of a pit-like depression at 
the side of the foramen magnum, below and to 
the inner side of the auditory capsule. 

C. The Visceral Skeleton. 

This consists of a series of cartilaginous hoops or arches 
placed one behind another, and encircling the anterior part 
of the alimentary canal. In accordance with the shape of the 
mouth and pharynx, which they surround, the hoops are wide 
firom side to side, and compressed dorso-ventrally. 

The first arch gives rise to both upper and lower jaws. 

The second or hyoidean hoop is large, and plays an 
important part in slinging the jaws to the skull. 

p 
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Fia. 4B. Sorllium aftuieola. The skoll uid viBoeial Bkeleton seen from 
the Tentral Bortace. The Ubial cartilages and gill-rajB of the left 
aids have been removed, (a. h. h.) 

A.bswo[ikiill. BB. tHi-bnuchid. BO 1. BO&, Snt uid flfthoento- 
biHochlHln. BB 1, BB S. Dnt and firth epl-bnnohlala. BH 1. Hrtt bypo- 
bruotilal. iepreMnl«duthooali««D throogh theoenU-hril, BBZieami 
hypo-branqhlBl. BP 1. BP S llr« and fifth pbarTDRO-brMohlaU B, upper 
isn. BB 1. BB 2, BB 3. flrats lewnd. Mid Iblid eitra-bmscblatfl. BIj, llgi- 
mentoonHBCtlnglhe two halve! oUhe upper jaw. ff.lm.er jaw. PIj, llpuneaC 
eouneotlng the two h»lTM of tbe lower JBW, G, gUl-mj. HB. b»Bl-hj«L 
Ha oerato-bjal. HM, hyo-manaibulftr c-artilage. £ 1. LllKblal CMtllwej. 
IT, iiB»1<»inila«e. NO. ollHctorj cspiulB. S, medUn bsi ol notnua. SSt, 
luanl b« of nHtnua. 8, notob rot Cavisrlaji ilmu. 
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The third and succeeding hoops are more slender : they 
surround the pharynx and support the gOls. 

To see the visceral skeleton properly, a roll of paper should 
he passed in at the mouth-opening, and hack through the 
several hoops. 

1. The first or mandibular arch is very greatly modified ; 
its dorsal part is represented by the pre-spiracular 
ligament, while its ventral part is large and stout 
and forms the lower jaw. The upper jaw is formed 
as an outgrowth from its anterior edge. 

a. The pre-spiracular ligament is a strong fibrous 

band in which is a small nodule of cartilage, and 
which runs from the anterior border of the 
auditory capsule to the distal end of the hyo- 
mandibular cartilage, where it blends with 
ligaments connecting the hyo-mandibular carti- 
lage with the upper and lower jaws, close to the 
angle of the mouth. An additional ligament 
connects the lower jaw with the cerato-hyal a 
short way below the angle of the mouth. 

b. The upper jaw consists of a pair of stout cartilaginous 

rods, wide behind and narrowing towards their 
anterior ends, where they are united across the 
middle line by ligament. They extend forwards 
as far as the openings of the olfactory capsules, and 
are connected by stout ethmo-palatine ligaments 
with the base of the skull, at the antero-inferior 
angles of the orbits. They bear teeth along the 
ventral border of the anterior two -thirds of their 
length. 

c. The lower jaw consists of a pair of wide flattened 

bars of cartilage, which are movably hinged with 
the upper jaw behind, and bound together by a 
median ligament in front. It lies, when the mouth 
is shut, parallel to and immediately behind the 
upper jaw. It bears teeth along the dorsal border 
of the anterior two-thirds of its length on each 

side. 

p 2 
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2. The second or hyoidean axeh is incomplete above : it 
consists of a pair of rods the dorsal ends of which 
articulate with the sides of the skull, while the ventral 
ends are connected together by a median plate of 
cartilage. Each rod is further divided into an upper 
and a lower segment. 

a. The hyo-mandibular cartilage, or upper segment, is 

a short stout bar of cartilage, projecting almost 
horizontally outwards from the skull, but slightly 
downwards and backwards. Its inner and upper 
end articulates with a concave surface on the side 
of the skull, near its hinder end, and inmiediately 
below the post-orbital groove : its outer end arti- 
culates with the lower segment of the arch, oppo- 
site the angle of the mouth. To its hinder border 
are attached a series of rods of cartilage — ^the 
gill-rays— which support the gill-folds. 

The hyo-mandibular cartilage in the dog-fish 
is spoken of as the suspensorium, because it forms 
the skeletal link between the jaws and the skull. 

Skulls, like that of the dog-fish, in which the 
hyoidean arch forms the suspensorium are spoken 
of as hyostylic. 

b. The cerato-hyal, or lower segment of the hyoidean 

arch, is a longer and more slender bar which runs 
forwards and inwards in the floor of the mouth, 
just behind the lower jaw, and partly overlapped 
by it. It bears gill-rays along its posterior border. 

c. The basi-hyal is a broad median plate of cartilage, 

lying in the floor of the mouth behind the lower 
jaw. It is rounded anteriorly, and produced 
behind into two horns which are attached by 
ligaments to the dorsal surfaces of the cerato- 
hyals. 

8. The branchial arches are the remaining five visceral 
arches : they diminish in size from before backwards, 
and each is divided into four segments on each side. 
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a. The pharyngo-branchialB, the most dorsal elements, 
are flattened rods running forwards and outwards 
in the roof of the pharynx. The anterior ones are 
connected with their fellows of the opposite side 
by ligament ; and the last two of each side are 
much smaller than the others, and fused together. 

1). The epi-branchials are short broad plates attached 
to the outer ends of the pharyngo-branchials. 
With the exception of the hindmost they bear 
gill-rays along their posterior borders. 

c. The cerato-branchials are stout rods runningforwards 

and inwards in the ventral wall of the pharynx, 
and bearing gill-rays along their posterior borders. 
The fifth or hindmost cerato-branchial is shorter 
but much broader than the others ; it has no gill- 
rays ; and its posterior border is deeply notched 
to lodge the Cuyierian sinus (p. 227). 

d. The hypo-brancliials are small rods in connection 

with the inner ends of the first, second, third, and 
fourth cerato-branchials. The first hypo-branchial, 
which is very small, is directed forwards, and 
connects the first cerato-branchial with the basi- 
hyal. The three hinder hypo-branchials are 
larger, and are directed backwards. 

€. The basi-branchial is an elongated flattened median 
plate, pointed behind. It is connected with the 
two hinder pairs of hypo-branchials in front, and 
at the sides with the fifth cerato-branchials. With 
these latter, it strengthens and supports the dorsal 
wall of the pericardial cavity. (Fig. 49, p. 224.) 

£ The eztra-branchials are three pairs of elongated 
curved rods lying along the outer sides of, and 
beneath the second, third, and fourth branchial 
arches. 

'!he labial cartilages are two pairs of slender cartila- 
ginous rods in the folds of skin at the sides of the 
mouth. 
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D. The Skeleton of the Fins. 

1. The median fins. 

The skeleton of the dorsal fins consists of a series 
of parallel rods of cartilage, the fin-rays, sloping up- 
wards and backwards, and calcified along their axes. 
The lower or basal ends of the rods often unite 
together, and the dorsal ends support one or more 
rows of closely fitting polygonal plates. On each 
side of this median cartilaginous skeleton is a series 
of slender elongated homy fibres, derived from the 
skin. 

The other median fins are similar to the dorsal 
ones, except that the cartilaginous elements may be 
reduced to a longitudinal basal rod, or may even be 
completely absent. 

2. The paired fins are essentially similar to the median fins^ 

and are probably to be regarded as local enlargements 
of lateral fins, which originally extended the whole 
length of the body. 

It is convenient to take the posterior or pelvic 
fins before the pectoral, as their structure is simpler. 

a. The pelvic girdle is a nearly straight bar of cartilage^ 

placed transversely across the ventral surface of 
the body, about half an inch in front of the cloaca* 
The ends of the bar are produced forwards inta 
blunt processes, and bear on their posterior 
surfaces the articular facets for the pelvic fins. 

b. The pelvic fins. The cartilaginous skeleton of each 

fin consists of a slightly curved basal rod, the 
basi-pterygium, which lies along the inner side of 
the fin, and articulates in front with the pelvic 
girdle. From the outer side of the basi-pterygium 
a series of parallel cartilaginous fin-ra3rs, about 
fourteen in number, run outwards and backwards, 
supporting at their ends smaller polygonal plates. 
The anterior one or two of the fin-rays may 
articulate independently with the pelvic girdle. 
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In the adult male, the posterior end of the 
bosi-pterjgium is produced baokwarde into a large 
spout-hke procesa, snpporting the clasper. 

Besides the cartilaginous skeleton, homyfibres 
like those of the median fins are present in great 
numbers on both auifacea of the fin. 



Fio. 47.— BoylUnm ouudhIb. Tlie pelvic girdle oad fins ol b male 
gpecimen. seen from the ventral anrface. In the right fin the 
cartilaginous skeleton is shown, in the left the muscles and horn; 
dermal fibres. {\. u, u.) 
D. bfial-pt«ry^DiD. DC posterior eni] of the Ivftl-pteiT^acn. fnrmla)? the 
•k«1e<nn o( the clusiwr. DF. fio-raj. F. a^l«^l^^ fln-ray, artlcnlBling liractlj 
with the pflvic girdle, H, homy flbret. M, mustlei. PO, pelUc gUJle. 

c. The pectoral girdle, vMch lies immediately behind 
the last gill-arch, is considerably larger than the 
pelvic, and consists of a hoop of cartilage incom- 
plete above. 

The ventral portion of the hoop is produced 
forwards into a flattened process, which forms 
partofthefloorofthe pericardial cavity, and is hol- 
lowed dorsally to receive the ventricle of the heart. 

At each side the arch is thickened, and bears 
on its outer border a triple articular facet for the 
basal cartilages of the fin. 
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d. The pectoral fin has three basal cartilages, the pro- 
ptery^fiTun , meao-pteryg^inm , and meta-pteryginm , 
articulating with the three facets OB the pectoral 
girdle. Of these the pro-pterygium is the amallest, 
and the meta-pterygiom, which extends along the 
inner or attached border of the fin, and corresponds 



to. 48.— B07III11111 eutienlft. The peotoral girdle and fiua of a male 
Bpecimen, seen from the vantral surface. In the right fin the car. 
tilaginouB akeleton is shown, in the left Uie musolas and horn; 
deimal fibreB. {1.. >. >.) 

A, pro-pterjglam. AP, pro-pterygiil fln-mr. B, mpto-ptfrygluni. BB*. 
meso-pterjglnl Bn-rsy. O. mota-pterrglom. OP> mtta-pterjtrial fln-i»r. 
B, poljgonsl cartUsglnoiu plate. H, homj flbref. M. inusclet ol Ad. 
FG, Tenim portion of iHctorel girdle. FQ', dorut portloa ol pecUnl girdle. 

to the basi -pterygium of the pelvic fin, is mnch the 
largest. 

From the outer borders of the basal cartilages 
a series of close-set cartiloginona fin-rajn divei^e : 
of these the pro-pterygium supports a single large 
one ; the meso- pterygium also supports one, which 
is, however, split distally into two or three ; while 
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the meta-pterygiom supports twelve or more much 
narrower rays. 

To the outer ends of the fin-rays two or more 
rows of polygonal plates of cartilage are attached, 
forming the peripheral portion of the skeleton. 

Homy fibres are present in large numbers, as 
in the pelvic fins. 



m. THE ABDOMINAL CAVITY AND VISCERA. 

Lay the dog-fish on its hack on the dissecting 'hoards and 
"pin it down through the fins. Determine the positions of the 
pectoral and pelvic girdles by feeling them throtigh tlie skin, 
the pectoral girdle being a little in front of the pectoral fins, 
and the pelvic girdle a short distance in front of the cloacal 
aperture. 

Open the abdominal cavity by a median ventral incision, 
extending from the pelvic girdle behind to the pectoral girdle 
in front. Cut through the body -wall transversely, just behind 
the pectoral girdle, and pin the two flaps down to the dissect- 
ing-board. Cut throiujh ths pelvic girdle in the median plane, 
and prolong the cut backwards to the level of the cloacal aper- 
ture, but keeping a little to its right side. Wash or sponge 
out the abdominal cavity. 

The CGBlom or body-cavity extends forwards into the head 
in the embryo^ but in the adult is reduced to the pericardial 
cavity which lodges the heart, and the abdominal cavity in 
which he the principal viscera. The abdominal cavity is a 
wide space extending from the level of the pectoral girdle 
backwards as far as, or slightly beyond, the cloacal aper- 
ture, where it communicates with the exterior through the 
abdominal pores (p. 199). 

Pass a seeker from the abdominal cavity through one of 
the abdominal pores to the exterior. 

Identify the positions and relations of the following organs 
before proceeding further with the dissection. 
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1. The liver is a very large solid organ of a brownish yellow 

colour, attached by a median suspenBory ligament to 
the anterior wall of the abdominal cavity. It consists 
of two lobes of about equal size, which are united 
in front, and extend back along the sides of the ab- 
dominal cavity for the greater part of its length. 

2. The stomach is a wide U-shaped tube lying between the 

lobes of the liver, and extending about two-thirds the 
length of the abdominal cavity. 

8. The spleen is a large brownish red body attached to the 
loop of the stomach, and sending a long narrow lobe 
along its distal limb. 

4. The intestine is a wide and nearly straight tube, running 

along the right side of the abdominal cavity from the 
stomach to the cloaca. 

5. In the female the ovary is single, and attached by a 

delicate median fold of peritoneum to the wall of the 
abdominal cavity. The contained ova give its 
surface a tuberculated appearance. 

In the male the testes are a pair of elongated 
solid bodies of a whitish colour, lying along the 
dorsal region of the anterior two-thirds of the ab- 
dominal cavity. Their hinder portions fuse together. 

6. The peritoneum is the smooth membrane lining the 

abdominal cavity, and reflected downwards from the 
mid-dorsal line as a double sheet — the mesentery — 
which covers the alimentary canal and other viscera. 
The mesentery is well developed at the hinder 
end of the abdominal cavity, but is interrupted by 
one or more large fenestrsB opposite the greater part 
of the length of the intestine. 

7. The kidneys are covered by the peritoneum, but can be 

recognised as a pair of shghtly elevated longitudinal 
ridges, one on each side of the mid-dorsal line of 
the abdominal cavity, and extending nearly its whole 
length. 
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IV. DISSECTION OF THE DIGESTIVE SYSTEM. 

In dissecting the alimentary canal, be careful not to injure 
the blood-vessels in relation with it ; these lie for the most part 
in the mesentery, 

A. The Alimentary Canal. 

1. The month and pharynz. The detailed examination of 

these parts is best deferred nntil the circnlatory 
system is dissected. 

2. The oosophagns is a short wide tube, which enters the 

abdominal cavity at its anterior end and expands, 
abnost at once into the stomach. 

Pass the handle of a scalpel or seeker through the mouth, 
and down the o&sophagus into the stomach. 

8. The stomaeh is U-shaped. Its proximal limb, which is 
very wide and directly continuous with the oeso- 
phagus, extends back nearly to the hinder end of the 
abdominal cavity: it then turns sharply forwards 
to form the distal limb, which is shorter and much 
narrower. 

4. The intestine is separated from the distal limb of the 
stomach by a slight pyloric thickening. Its proximal 
part is about equal in width to the stomach, alongside 
which it lies ; but it soon dilates to form the wide 
colon, the surface of which is marked spirally by 
blood-vessels, corresponding to the line of attachment 
of the spiral valve. At its hinder end the intestine 
narrows to form the rectum, which, after a course 
of about an inch and a half, opens to the exterior at 
the cloacal aperture. 

a. The spiral valve. 

Open the intestine along its whole length by a longitudinal 
incision along its right side. Wash out its contents. Carefully 
cut away with scissors the ventral wall from the several turns 
of the spiral valve, and turn it over to the left side, so as to 
fully expose the cavity of the intestine. Wash freely. 



220 THE DOG-FISH 

The spiral valve is a membranous fold, attached 
along one edge to the inner surfieuse of the intes- 
tine, round which it runs spirally. The fold is 
about an inch and a half wide at the anterior 
end, but gradually diminishes in width towards 
the posterior end, and disappears at the com- 
mencement of the rectum. The first turn of the 
spiral is a long one, but the succeeding ones, of 
which there are usually seven or eight, are only 
about a quarter of an inch apart. The general 
appearance of the valve is that of a series of cones 
one within another, the apices of the cones being 
usually directed forwards, but sometimes at the 
hinder end backwards. 

The valve serves to retard the passage of food 
down the intestine, and to increase the extent of 
its absorptive surface. 

B. The OlandB. 

1. The liver has been described above. 

a. The gall-bladder is a large irregular sac imbedded 

in the anterior part of the left lobe of the liver, 
close to the median plane. 

b. The bile-duct leaves the gall-bladder between the 

two lobes of the Hver, and almost in the median 
plane. It receives ducts from the lobes of the 
hver, and runs back along the ventral margin of 
the mesentery to the intestine, along which it 
runs for a short distance to open into the com- 
mencement of the colon. The bile-duct has a 
total length of about three inches. 

Find the duct along the edge of the fold of mesentery 
between the liver and the intestine : vuxhe an incision in its 
walls, and inject it with a coloured fluid such as Prussian 
blue : follow it forwards to the liver ajid gall-bladder, and 
backwards to its opening into the intestine, 

2. The pancreas is a whitish, laterally compressed body 

about an inch and a half long, lying in the angle 
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between the distal limb of the stomach and the* 
intestine. Its anterior end is expanded and gives 
off a small ventral lobe, which is closely applied to- 
the intestine. 

a. The pancreatic duct runs forwards through the pan- 
creas close to its ventral border. It leaves the 
gland at the posterior angle of its ventral lobe^ 
and at once enters the ventral wall of the intes- 
tine about an inch beyond the pylorus : it runs in 
the wall of the intestine for about half an inch , 
and opens just to the outer side of the line of 
attachment of the spiral valve. 

Find the duct along the ventral border of the pancreas : 
trace it to the intestine : slit open the intestine, and trace the 
dtict backwards in its wall as a white ridge ending in a very 
small papilla. It is easier to follow after injection with a 
coloured fluid, 

8. The rectal gland is a thick-walled tube, about three 
quarters of an inch long, lying in the abdominal cavity 
dorsal to the rectum. From its hinder end a duct 
runs forwards along the edge of the mesentery to 
open into the dorsal wall of the rectum. 

Cut the gland across about the middle of its length. Note 
the thdckness of its walls and the small size of its cavity. 
Pass a bristle down the gland and duct into the rectum ; and 
slit open the rectum to see the opening of the duct. 

V. DISSECTION OF THE RESPIRATORY SYSTEM. 

The dog-fish breathes by gills, which are vascular folds 
of the mucous membrane of the pharynx, supported by the 
branchial arches. Respiration is effected by streams of water, 
which, entering at the mouth, pass between the branchial 
arches, over the gills, and out through the gill-clefts. 

1. The gills. 

Expose the gills on the left side by prolonging the external 
apertures upwards and downwards with scissors. 
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The gills are series of closely set, soft, and highly 
vascular folds of mucous memhrane, radiating out- 
wards from the cartilaginous branchial arches, and 
supported by the gill-rays. 

Gills are borne on the posterior surface of the 
hyoid arch, and on both the anterior and posterior 
surfaces of the four following arches. The inner 
borders of the branchial arches have cartilaginous 
processes, which hinder the passage of food to the 
gill-clefts. The last branchial arch bears no giU. 

2. The pseudobranchisB. 

Slit up the spiracle on the left side in the same way as the 
^ill-clefts. 

The pseudobranch is a rudimentary gill, consist- 
ing of about half a dozen small parallel folds, on the 
anterior wall of the spiracle. Its presence shows 
that the spiracle is really a gill-cleft. 

VI. DISSECTION OF THE CIBGULATOBT SYSTEM. 

A. The Pericardial Cavity and Heart. 

1. The pericardial cavity. 

Lay the dog-fish on its back on the dissecting board, and 
vin it down through the fins. Open the pericardial cavity by 
a rmd'Ventral incision in front of the pectoral girdle, taking 
ca/re not to injv/re the heart Cut away the ventral wall of the 
cavity so a^ to expose it fully. Cut away also the middle 
half 'inch of the pectoral girdle, taking care not to injure the 
^inus venosus, which lies along its dorsal border. 

The pericardial cavity is median, and lies between 
the gills; it is triangular in shape, with the apex 
directed forwards, and is almost completely filled by 
the heart, of which the globular ventricle is the most 
prominent portion. Its ventral wall is stiffened by 
the anterior prolongation of the pectoral girdle, and 
its dorsal wall by the wide basi-branchial plate and 
the fifth cerato-branchials. 
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2. The heart is a single tube twisted on itself in an 
S-shape, and dilated to form a series of chambers 
separated by transverse constrictions. 

Determine the position and general characters of the cha/m- 
bers in order from behind forwards, pressing them aside when 
necessary, but making no further dissection. 

a. The sinus venosus is a thin-walled transversely 

placed tube, attached along its whole length to 
the posterior and dorsal wall of the pericardial 
cavity. It receives laterally the veins returning 
blood from the body, and opens in front into the 
auricle by a median aperture. 

To expose the sinus venosus, press the ventricle slightly 
forwards. 

b. The auricle is a large thin- walled sac, occupying the 

dorsal half of the pericardial cavity. It is tri- 
angular in shape, with its posterior angles pro- 
duced into processes which, in the natural position 
of the parts, project laterally at the sides of the 
ventricle. 

To expose the auricle, pu^h the globular ventricle to one 
side, 

c. The ventricle is a thick-walled globular sac lying 

ventral to the auricle, and forming the most con- 
spicuous part of the heart. 

d. The conuB arteriosus is a cylindrical tube, running 

forwards from the ventricle to the anterior end of 
the pericardial cavity. 

•8. The pericardio-peritoneal canal is a median passage about 
an inch long, opening in front into the hinder end of 
the pericardial cavity dorsal to the sinus venosus, and 
running back along the ventral surfeMse of the oeso- 
phagus, to open behind into the abdominal cavity. Its 
anterior opening is large and conspicuous ; the open- 
ing into the abdominal cavity, which may be double,, 
is smaller and slit-like. 
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Find the pericardial opening in the middle line, imme- 
diately dorsal to the sinus venostis. Insert a seeker, and pass 
it down the canal into the abdominal cavity. 

B. The VenouB System. 

The venous system of the dog-fish consists of three great 
divisions ; (1) the veins opening into the sinus venosus, which 
return hlood from all parts of the body to the heart ; (2) the 
hepatic portal system, which conveys to the liver the blood 
from the alimentary canal, pancreas, and spleen ; (8) the renal 
portal system, which conveys to the kidneys the blood from 
the part of the body behind the cloaca. 
1. The veins opening into the sinus venosus. 

These veins are most readily traced by following 
them back from the sinus venosus, and they will be 
described in this way, though it must be remembered 
that the flow of blood in them during life is towards 
the sinus venosus. They are chiefly remarkable for 
their enormous size in places, the dilated portions 
being spoken of as sinuses. 
To dissect the veins, slit open the ventral wall of the sinus 
venosus transversely, and wa>sh out the contained blood : then 
follow the veins with a seeker, slitting them open along their 
ventral walls, and washing out the blood. If preferred, they 
may be injected with plaster of Paris, or with a coloured solu- 
tion such as Prussian blv^ suspended in water ; or they may 
be inflated with air, 

Fia. 49.'So7lliiim eanieiila. A longitudinal and vertioal section through 
the head and anterior part of the body. The section of the brain 
is taken a little to one side of the median plane, and the spinal 
cord has been cut across a short way behind the brain. The out 
surfaces of the cartilaginous skeleton are dotted. (▲. h. h.) 

A, roof of the cranium. B, intemasal septum. O* maooaa ouuJs. D, fold 
of the wall of the hemisphere In which lies the choroid plexus. B, apoture 
leading from the cerebral reside to the olfactory vesicle. F, third rentriole. 
O. stalk of the pineal body. H, optic lobe. I, optic ohiasma. IP, inter- 
Tertebral neural plate. K. pituitary body. Ij, oerebellum. M, restif orm body. 
MN, lower jaw. MX. upper jaw. N, interorbital sinus. NP, rertebral 
neural plate. NSt neural spine. O, basi-hyal, supporting the tongue. 
P, pericardial cavity. PO. pericardio -peritoneal canal. Q, sinus Tenonu. 
B, auricle. 8. rentricle. T, conus arteriosus. TE, teeth. u> cardiac aorUu 
V, aperture of afferent branchial vessel. VO, vertebral centrum. W, llrat 
branchial deft. X, spiracle, or hyo-mandibular cleft. Y, notoohord. Z, 
spinal cord. 
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a. The hepatic rinuBes open into the sinus venosas 

by a pair of apertures in its posterior wall, close 
to the median plane and near the dorsal surfince. 
The apertures lead into a pair of wide sinuses, 
separated from each other by an imperfect 
septum, and lying immediately behind the peri- 
cardium, between it and the liver, and ventral 
to the oesophagus. 
Slit open one of the hepatic sinuses, and follow it back 

into the corresponding lobe of the liver, noting its large size, 

and the numerotts veins opening into it. 

b. The Cuvierian sinuses are a pair of rather narrow 

tubes, forming lateral continuations of the sinus 
venosus, the wall of the pericardium marking the 
boundary between the two. Each is about a 
quarter of an inch long, and curves upwards from 
the sinus venosus round the side of the oesophagus, 
lying in a notch in the posterior border of the 
fifth cerato-branchial cartilage. Each Cuvierian 
sinus receives about the middle of its course the 
inferior jugular sinus, and at its dorsal end the 
great anterior and posterior cardinal sinuses. 
i. The inferior jugular sinus, which is of smaU 

size, can be traced forwards and inwards 

along the outer wall of the pericardial cavity ; 

and then forwards, in the floor of the moutii, 

ventral to the gill-arches. 



Fio. 50. — SoyUium eanienla. Disseotlon of the venous Bystem from the 
ventral snrfaoe. The right half of the lower jaw, the right lobe 
of tiie liver, and the alimentary canal from the oesophagas back- 
wards have been removed, (a. h. u.) 

A, nostril. AS, anterior cardinal sinoa. B, right olfactory organ. 
BVi snbclaTlan rein. O, left half of lover jaw. D. fifth nenro crossing tiie 
orbit. DO, CuTierian sinus. S, right eye. F, cut edge of floor ofmouth. 
Gi flnt branchial cleft. H« Tentricle. H8, left hepatio sinus. HV, left 
hepatic rein. I, auricle. jV, left inferior jugular sinus. JV'> opening 
of right inferior jugular sinus into sinus renosua. E, pericardial cavity. 
Xh 1®^ lobe of liver. IjV, right lateral rein. M, oesophagus, cut across. 
MV, hyoidean sinus. N, kidney or metanephros. O, communication between 
the right and left posterior cardinal sinuses. OB, orbital sinus. P, post- 
orbital slnuA. PS, posterior cardinal sinus. Fv, posterior oardinal vein. 
B8, apertures of renal veins^into posterior cardinal reins. SA« aperture 
from sinuB venosus to auricle. 8 V, sinus venosus. 

q2 
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ii. The anterior cardinal sinns opens into the 
Gnyierian sinos by a small aperture placed 
immediately behind the fifth cerato-branchial 
cartilage, and guarded by a very perfect valve 
of which the ventral flap is much the larger. 

From this opening the sinus extends for- 
wards as a wide irregular space, situated 
immediately above the gill-arches. In front 
of the first gill this sinus communicates with 
the orbit by the narrow post-orbital sinus. 
This passes above the spiracle and below the 
ear, and opens in front into the large orbital 
sinus which surrounds the eyeball and its 
muscles, and is usually filled with blood-clots. 
The orbital sinuses of the two sides commu- 
nicate with each other by the inter-orbital 
sinus, which runs across in the floor of the 
skull, between the hinder parts of the orbits. 

Just in front of the first gill the anterior 
cardinal sinus receives the large hyoidean 
sinus, which lies in a groove on the outer 
surface of the hyo-mandibular cartilage, and 
may be followed downwards and inwards to 
the floor of the mouth, where it communicates 
with the inferior jugular sinus. 

Find the opening of the left anterior cardinal sinus into the 
Cuvierian sinus ; insert a seeker into ity turn the fish over, and 
lay open the cardinal sinus along its whole length by slitting 
through its dorsal wall; wa>sh out the blood-clots, and follow 
it forwards to the orbit. Follow the hyoidean sintis,from the 
anterior end of the cardinal sinus, downwards along the hyo- 
mandibular cartilage to the floor of the mouth, 

iii. The posterior cardinal sinus extends back along 
the dorsal surface of the abdominal cavity close 
to the median plane, its dorsal wall being 
firmly united to the body-wall, and its ventral 
surface covered by the peritoneum. Its 
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anterior end forms a very large tbin-walled 
sac, three-quarters of an inch or more in 
width. In front it lies at the side of the 
oesophagus, and close to the hepatic sinus; 
farther back it lies dorsal to the oesophagus, 
and alongside its fellow of the other side, with 
which it communicates freely. Behind this 
point, ue. about two inches behind the peri- 
cardium, the sinuses of the two sides narrow 
considerably, and run back side by side to 
the hinder end of the abdominal cavity, lying 
between the kidneys, from which they draw 
blood by numerous renal veins. The right 
sinus extends to the hinder end of the kidneys, 
but theleft usually commences farther forwards. 

Slit open the ventral walls of both sinuses at their anterior 
ends, and wash out the blood ; note the enormous size of the 
sirmses and their free communication xoith each other ^ dorsal 
to the asophagv^s. Pass a seeker backwards along the right sintis 
to its commencement between the posterior ends of the kidneys 
(fig. 50) ; but do not lay it open in this hinder part, lest the 
reproductive organs and the cloaca should be injured. 

At its anterior end, immediately to the 
outer side of its opening into the Guvierian 
sinus, the posterior cardinal sinus receives 
the subclavian vein, which returns blood 
from the pectoral fin and adjacent parts of 
the body-wall, and runs in a groove along the 
inner surface of the pectoral girdle. A little 
way further back it receives the lateral vein, 
which runs in the body-wall alongside the 
lateral line ; and further back still, just behind 
the point where the oesophagus passes between 
the two posterior cardinal sinuses, each of 
these latter has on its ventral surface the 
opening of the genital sinus, which surrounds 
the reproductive gland. 
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2. The renal portal systeip. 

The blood from the tail is returned by the caudal 
vein, which lies below the caudal artery in the 
hsBmal arches of the Yertebraa. Opposite the hinder 
end of the kidneys the caudal vein divides into the 
right and left renal portal veins, which run forwards 
along the dorsal edges of the right and left kidneys 
respectively, receiving branches from the body-wall^ 
and supplying the kidneys along their whole length. 

The dissection of the renal portal system should he post- 
poned till after that of the urino-genital system, in order to 
avoid damaging the cloaca. 

Cut across the tail about two inches behind the cloaca. 
Find the caudal vein lying in the hcsmal arches of the vertebra, 
ventral to the caudal artery ; trace the vein forwards with a 
seeker, or inject it, and then dissect it out. 

8. The hepatic portal system. 

The hepatic portal vein is formed by the union of 
two veins, one from the main lobe of the spleen and 
the other from the intestine. It runs forwards in the 
mesentery along the dorsal border of the pancreas ; 
and, receiving veins from the pancreas and from the 
stomach, enters the hver a little to the right of the 
median plane. 

Find the hepatic portal vein at the point where it enters 
the liver, a little to the right of the junction of the two lobes^ 
and follow it backwards, turning aside the viscera as may be 
necessary, but not cutting anything. 

C. The Arterial System. 

The arterial system may conveniently be described under 
three heads : (1) the afferent branchial vessels, which carry 
the venous blood from the heart to the gills to be purified ; 
(2) the efferent branchial vessels, which collect the purified 
blood from the gills ; and (8) the dorsal aorta, which is formed 
by the union of the efferent branchial vessels, and conveys 
arterial blood to the body generally. 



ARTERIAL SYSTEM 231 

1. The afibrmt branchial TesaelB. 

The afferent branchial vessels are most readily followed by 
injecting them from the conns arteriosus, but this must not be 
done if the heart is to be dissected in the sarn« specimen. 



FiQ. 51.— ScyUiom cuiisolft. Dissection of the arterial system from 
the ventral surtace. The Qoor of the mouth hoa been cat through 
close to the median plane, and the right half tamed ontwardE. 
(c.a.B.) 
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Trace the cardiac aorta forwards from the conus a/rteriosus, 
and follow its branches on the left side to the gills, removing 
as much of the muscles of the under surface of the head and 
of the gills as is necessary to expose the vessels thorou^ghly. 

a. The cardiac aorta is a direct continuation forwards 

of the conus arteriosus. It is a median vessel 
lying beneath the floor of the mouth and pharynx, 
and deeply placed in the muscles of the under 
surface of the head. It is little more than an 
inch in length, and gives off laterally the five 
pairs of branchial arteries. 

b. The branchial arteries arise in pairs from the 

cardiac aorta, and carry the blood from it to the 
gills. The two hindmost pairs arise close together, 
or sometimes by a common trunk, immediately 
in front of the pericardial cavity. The third pair 
arise about a quarter of an inch further forwards. 
At its anterior end, about midway between the 
pericardial cavity and the mouth, the cardiac 
aorta divides into right and left branches, each of 
which again divides into the two anterior bran- 
chial arteries of its side. 

The first or most anterior branchial artery 
runs along the outer border of the hyoid arch, 
extending nearly to its dorsal end, and giving off 
branches to the gill borne by it. 

The four hinder branchial arteries follow 
similar courses along the outer borders of the 
first four branchial arches, extending almost to 
their dorsal ends, and giving off anterior and pos- 
terior branches to the gills borne by these arches. 

2. The efferent branchial vessels. 

The efferent branchial vessels can readily be injected from 
the caudal artery in the following manner. Cut across the tail 
about a couple of inches behind the cloaca. Find the caudal 
artery in the hcemal arches of the vertebral column, lying 
immediately below the vertebral centra, and dorsal to the 
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caudal vein. Inject the caudal artery with plaster of Paris, 
coloured with carmine, and carefully strained so a^ to remove 
any particles large enough toplv^ the vessels. Lay the animal 
in cold water for an hour. 

Insert one of the blades of a strong/ pair of scissors into the 
mouth, and cut back horizontally along the left side throu^gh 
the gill'O/rches, as far back as the last gill-arch ; from the 
hinder end of this incision cut transversely across the floor of 
the pharynx, behind the heart, to the corresponding point on 
the opposite side. Turn the floor of the mouth, with the 
heart, over to the right side. 

Wash the mouth and pharynx thoroughly. Dissect off the 
mnjuxyus membrane of the roof of the mouth ; find the efferent 
branchial vessels running inwards and backwards from the 
gill-slits, and follow them, on the right side, outwards to the 
gills, and inwards to the dorsal aorta in the middle line. 

The efferent branchial vessels form loops, one of 
which runs round the margin of each of the first 
four branchial clefts, and receives the arterial blood 
from the gills of that cleft. A single vessel, i.e. a 
half-loop, runs along the anterior border of the 
fifth branchial cleft, and opens into the loop of the 
fourth cleft. The successive loops communicate with 
one another by short horizontal branches about the 
middle of their length. 

From the ventral ends of the loops small arteries 
arise, which supply the floor of the mouth and adja- 
cent parts. 

From the dorsal ends of the loops, four main 
efferent trunks, or epibranchial arteries, arise on 
each side : these run backwards and inwards in the 
roof of the mouth to the middle line, where they 
unite together in pairs to form the median dorsal 
aorta. 

a. The carotid artery is a small vessel which arises on 
each side from the dorsal end of the efferent vessel 
of the hyoidean gill, just in front of the origin of 
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the first efferent tnmk. It runs forwards and 
inwards across the hyo-mandibnlar cartilage, and 
across the ventral surfiebce of the skull opposite 
the hinder border of the orbit ; and divides, about 
one-third of an inch from the middle Hne, into 
external and internal carotid arteries. Of these 
the former runs forwards and outwards across 
the floor of the orbit, and supplies the jaws and 
snout ; while the latter, continuing its course in 
a groove in the ventral surface of the skull, unites 
with its fellow to form a median vessel, which 
passes through a foramen in the skull into the 
cranial cavity, and then divides into right and left 
arteries supplying the brain. 

b. The hyoidean artery arises from the anterior limb 
of the first loop near its ventral end, and runs 
forwards and outwards to the spiracle, where it 
gives branches to the pseudobranch. It then 
continues forwards and inwards across the floor 
of the orbit, crossing the external carotid artery^ 
and, entering the skull by a small hole ^-inch in 
front of the inter-orbital foramen, divides into 
branches supplying the brain. 

8. The dorsal aorta and its branches. 

The aorta is a median vessel, formed by the union 
of the efi'erent branchial vessels of the two sides. The 
anterior pair of these vessels unite about the level of 
the inner openings of the fourth gill-clefts, and the 
succeeding ones open in pairs into the aorta so formed. 

The dorsal aorta so formed runs back the whole 
length of the body, lying in the trunk just below the 
vertebral column, and in the tail, where it becomes 
the caudal artery, in the haemal arches of the ver- 
tebras. It gives off branches supplying the whole of 
the body behind the head. 

The anterior part of the aorta should be dmected between 
the kidneys ; tJie posterior part ^ which is deeply placed between 
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and behind the kidneys, is best seen by' dissecting one of the 
kidneys from the body-wall and turning it inwards. 

The principal branches of the dorsal aorta are as 

folloTS. 

i. The ntbclavian arteries are a pair of TeaselB, 

which arise from the dorsal sur&ce of the 

aorta between the third and fourth pairs of 

efferent branchial vessels, and run outwards 



Fio. 52. — BcflUnin canicnlti. Transverse scctioD paBBing throogh the 
poaterioT dorsal fin. (a. u. h.) 
A, lioni7 flbro. B, flany of the dorml do. C, miotDin-i. D, nfiii»l 

H. hiHiul ucta. L ipUi^ miii. K. I^t^nd Teiii, 'Xi. citudil vttc;. JI. ™i>d*l 
TeiD, 

and backwards in the body-wall and along 
the hinder border of the pectoral girdle to 
the pectoral fine, which they supply. 
ii. The ooliac artery ia a large median vessel 
arising from the ventral surface of the aorta, 
about half an inch behind the openings of the 
last pair of efferent branchial vessels. It runs 
backwards in tlie mesentery close to the dorsal 



236 THE DOG-FISH 

surface of the stomach, and divides into two 
main branches, one of which supplies the 
proximal end of the stomach and the liver, 
and the other the first part of the intestine 
and the pancreas. 

iii. The mesenteric artery is a median vessel arising 
from the aorta about an inch and a half behind 
the coeliac artery. It supplies the intestine 
and rectum, and gives branches to the genital 
organs. 

iv. The lieno-gastric artery is a median vessel 
arising from the aorta immediately behind the 
mesenteric artery. It supplies the loop of 
the stomach between its proximal and distal 
limbs, and also the spleen and part of the 
pancreas. 

V. The posterior mesenteric artery is a small median 
vessel arising from the aorta about an inch 
and a half behind the lieno-gastric, and run- 
ning backwards in the mesentery to the rectal 
gland, which it supplies. 

vi. The parietal arteries are small paired vessels 
arising at intervals along the whole length of 
the aorta, and supplying the body-walls. 

vii. The renal arteries are small paired vessels 
arising from the aorta along the greater part 
of its length, and supplying the kidneys, which 
they enter from the dorsal sur&ce. 

The dissection of the renal arteries should he postpofied 
until after the dissection of the reproductive organs and 
cloaca. 

To see the arteries, dissect one kidney away from the body- 
wall and turn it inwards, so as to expose its dorsal surface. 

viii. The iliac arteries are a pair of small vessels 
leaving the aorta near the hinder end of the 
body-cavity, and running outwards in the body- 
walls to the pelvic fins, which they supply. 
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D. DisBection of the Heart 

Bemove the floor of the mouth, with the heart and peri- 
cardium. Pin it doum in a dish under water, with the ventral 
surfa^ie upwards. Open and examine the several cavities of 
the heart in the order given below, washing out the contained 
blood by a stream of water. 

Open the ventricle by a horizontal incision, and continue 
the cut forwards along the right side of the conus arteriosus 
to its anterior end. Turn the ventral portions of both ventricle 
and conus over to the left side. 

1. The connB arteriosus contains two sets of valves, each 

set consisting of three valves. 

The posterior set is just in front of the ventricle, 
and the anterior and larger set ahout the middle of 
the length of the conus. Each valve is thick in its 
central part, thin and membranous at the edges. 

2. The ventricle has very thick, muscular and spongy walls, 

and a small, nearly globular, central cavity. The 
opening from the auricle is a transverse slit guarded 
by a two-lipped valve, and is placed in the dorsal 
wall of the ventricle near its hinder end, and slightly 
to the left side. 

8. The auricle. 

Cut across the conv^ at its anterior end; open the auricle by 
a horizontal incision along its lateral and anterior borders, turn 
the ventral wall back, and wa^h out the blood from the cavity. 

The walls of the auricle are thin, with radiating 
muscular bands ; the cavity is very large and tri- 
angular in shape. The opening leading from the 
sinus venosus is a vertical slit in the posterior wall ; 
and the transverse aperture leading to the ventricle 
is in the ventral wall, and slightly to the left of the 
median plane. 

4. The unuB venosus has already been laid open. Its walls 
are thin, with a very feebly developed muscular net- 
work. The sinu-aurioular aperture is a median 
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vertical slit in the anterior wall, to the left of the 
ventral end of which is a small aperture leading 
into the coronary sinnB, which returns to the sinus 
venosus the blood from the walls of the heart. 



VII. DISSECTION OF THE RENAL AND REPRODUCTIVE 

SYSTEMS. 

These two systems have already been seen in part, but 
may now be examined more fully. They are originally in- 
dependent of each other, but in the course of development 
become associated, owing to the genital ducts being formed 
from parts of the kidney -ducts. 

The kidneys are paired organs, lying side by side along the 
whole length of the dorsal surface of the abdominal cavity. 
Each consists at an early stage of its development of a 
number of convoluted tubules, placed one behind another, 
and opening at one end into the abdominal cavity : at their 
other ends they open into a longitudinal duct, the segTiiental 
duct, which runs the whole length of the kidney, and opens 
in front into the abdominal cavity and behind into the cloaca. 

During development, each kidney becomes divided into three 
parts ; an anterior part or pronephros, which is rudimentary 
or absent in the dog-fish and other Elasmobranchs, but largely 
developed in most ordinary fish ; a middle portion or meso- 
nephros, including the greater part of the length of the 
primary kidney; and a posterior portion or metanephros, 
formed from its hinder part. 

A corresponding division of the duct takes place, so that 
in place of the single segmental duct, three ducts are formed ; 
a pronephric or MtUlerian duct, which opens in front into the 
abdominal cavity, but, owing to the absence of a pronephros, 
loses all connection with the kidney; a mesonephric or 
Wolffian duct, which runs from the mesonephros to the 
cloaca ; and a metanephric duct or ducts, which convey the 
excretion of the metanephros to the cloaca. 

In the female the right and left pronephric ducts unite 
in front, so as to open into the abdominal cavity by^a single 
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median aperture, and become converted into the oviducts ; 
the mesonephros is small and unimportant ; while the 
metanephros and its ducts form the functional kidney and 
ureters of the adult. 

In the male the pronephric ducts are rudimentary and 
functionless ; the mesonephric tubules become connected with 
the testis, and act as vasa efiferentia, conveying the sperma- 
tozoa to the mesonephric duct which acts as vas deferens. 
The metanephros and metanephric ducts, as in the female, 
become the functional kidney and ureters. 



TABLE 8HOWIKO THE EMBRYONIC AND ADULT CONDITIONS OF THE KIDNEYS 

AND THBIB DUCTB. 



Enibrjo 



Female 



Pronephros . . . 
Pronephric duct . 
Mesonephros . . 
Mesonephric duct . 

Metanephros . . 
Metanephric ducts 



Absent. 

Oviduct. 

Rudimentary. 

Small in front, 

dilating behind to 

form urinary sinus. 

Kidney. 

Ureters. 



MiUe 



Absent. 

Rudimentary. 

Mesonephros. 

Vas deferens, 

urino-genital sinus 

and sperm-sac. 

Kidney. 

Ureters. 



A. The Female. 

1. The ovary, which is single, is an elongated, soft, lobu- 

lated mass, varying a good deal in size, but usually 
about two or three inches long in specimens of the 
size described. It lies in the abdominal cavity a little 
to the right of the median plane, and is attached to 
the dorsal wall by a narrow fold of peritoneum, which 
is very readily torn. 

The surface of the ovary is tuberculated, owing 
to the contained ova. 

2. The oviducts, which are formed from the pronephric or 

MtUlerian ducts of the embryo, are a pair of tubes 
running along the dorsal wall of the abdominal cavity, 
ventral to the kidneys, and not far from the median 
plane. Their anterior ends curve inwards round the 
sides of the oesophagus, and unite immediately in 
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Fia. 68.— Sojllituu eudeola. DisgeoUon of a female from the ventral 
BUitace, to show the lentl and reproduotive systems. The right 
lobe of the liver and the alimentar; canal from the oBsophagoB to 
the reotom have been removed. An arrov ig passed np the lidt 
oviduot, which is cut open to show its point, (a. h. h.) 

Fio. 6*. — Further dissection of the renal and reproductive Bjrstems. 
The left ovidact is removed ; the right oviduct and the nrino-genital 
sinuses of both aides are laid open, {\. u. m.) 

A. loHala. AP, HbdomLul pore. B. periardinl cavltT. C, cloua. 
B, lEMphigM. P. pelvic flu. Q, gUl-alil. L.H-Br, O, OTirj. 6D. ovi- 
duct. OD'.ovldactlBidaiwD. OG. DvLdaal gluid. OV. ripe ovum In the 
ovldaot. P, Bbdominal openLng of nvidnol. PO, peMe girdle. B, rectnra. 
BO, opening of rectum Into clous. B, raewnephroi. 8D, meunephrlo or 
WollBan dnct, T, melBnephros, TD, melaaephric doott or ot«*ri TO, 
oponlngB of nrelert Into urluarr tluua, UP, urlnarj psplllii. U8, orln»iT 
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front of the liver, to open into the abdominal cavity 
by a median ventral slit, through which the ova enter 
the oviducts from the abdominal cavity. 

About a third of its length from the anterior end» 
each oviduct expands to form the thick-walled ovi- 
ducal gland, which secretes the homy capsules of 
the eggs. Behind the glands the oviducts are large 
and dilatable, with longitudinally folded walls : their 
posterior ends unite, and open by a large median 
aperture into the dorsal wall of the shallow cloaca, 
inmiediately behind the rectum. This aperture is 
closed in the young female, before fertilisation and 
oviposition have occurred, by a thin membrane, the 
hymen. 

Find the anterior opening of the oviducts in the suspensory 
ligament of the liver, immediately behind the pericardial 
wall : insert a seeker through it into the ovidv4^ts, and follow 
one of these back to the cloaca, slitting open its ventral wall, 

8. The kidneys extend nearly the whole length of the ab- 
dominal cavity, lying dorsal to the peritoneum, and 
one at each side of the vertebral column. The an- 
terior half or more of each kidney, the mesonephros, 
is rudimentary, and appears as an ill-defined tract 
of soft yellowish-brown degenerate gland-tissue, ar- 
ranged in patches corresponding to the vertebrsB. 

The metanepkros, which forms the posterior third 
or so of the kidney, is a well-developed, compact, 
laterally compressed, and lobulated mass of a brown- 
ish colour, extending back as far as the level of the 
cloaca. 

Dissect off the peritoneum from the ventral surface of one 
of the kidneys, so as to expose it along its whole length. At 
the hinder end dissect the metanephros along its outer side 
from the body-wall, so as to see its full size. 

4. The mesonephric or Wolffian ducts are a pair of straight 
narrow tubes lying on the ventral surface of the 
kidneys along their whole length. Their posterior 
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ends are enlarged to form a pair of tubular sacs, the 
urinary sinuses, which run back side by side, unite 
together posteriorly, and open into the cloaca at the 
apex of a small papilla in the posterior margin of the 
opening of the oviducts. 

Find the opening at the apex of the urinary papilla : pass 
a seeker through the opening and forwards along the urinary 
sinus of one side : slit up the ventral wall of the sinu^ along 
its whole length. 

5. The metanephric ducts or ureters are slender tubes, 
usually four to six in number on each side, which 
run from the enlarged metanephros to open into the 
dorsal surface of the urinary sinus by four to six 
slit-like apertures lying along the septum between 
the two sinuses. The anterior ureter is much longer 
than the others. 

Find the ureters, lying on the ventral surface of the meta- 
nephros, and trace them back to the urinary sinus. Slit up 
the sinus, unless this has already been done, and examine its 
dorsal wall to see the openings of the ureters. 

6. The cloaca is a shallow depression between the pelvic 
fins. In the female there are three openings into 
it : the rectum in front, the genital aperture in the 
middle, and the urinary sinus behind. 

B. The Male. 

1. The testes are a pair of soft elongated bodies lying along 

the dorsal wall of the abdominal cavity, and in the 
adult united with each other at their hinder ends. 
Like the ovary they are attached to the body- wall by 
delicate folds of peritoneum which are very readily 
torn, so that in many specimens the testes appear to 
lie free in the abdominal cavity. 

2. The yasa efferentia are a number of very slender ducts 

which arise on each side from the dorsal surface of 
the testis, and run forwards in the fold of peritoneum 
to the mesonephros, which they enter at its anterior 
end. 
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8. The kidneys. Each kidney is, as in the female, divided 
into an anterior part or mesonephros, forming about 
half of its entire length ; and a posterior part or 
metanephros. The mesonephros differs from that 
of the female in being a well-developed lobulated 
glandular body along its whole length. The meta- 
nephros, as in the female, is a laterally compressed 
mass of considerable size, especially thick at its 
hinder end. 

Dissect off the peritoneum from the ventral surface of one 
cf the kidneys, so as to expose it along its whole length. At 
the hinder end dissect the metanephros from the body-wall 
/Hong its outer side, so as to see its full size, 

4. The mesonephric or Wolffian duct is a thick- walled tube 

running in a very sinuous course along the ventral 
surface of the whole length of the mesonephros, from 
which it receives numerous segmentaUy arranged 
tubules. Opposite the junction of mesonephros and 
metanephros it dilates rather suddenly into a wide 
thin-walled tube, the vesicula seminalis, which runs 
straight back along the ventral surface of the meta- 
nephros to open into the urino-genital sinus, just 
in front of the cloaca. The walls of the vesicula 
seminalis are marked by close-set transverse lines, 
corresponding to internal foldings of its lining 
membrane. 

The mesonephric duct acts as vas deferens, 
conveying to the exterior the spermatozoa from the 
testis, as well as acting as the excretory duct for the 
mesonephros. 

Dissect off the mesonephric duct on one side from the ven- 
tral surface of the mesonephros, noting the tubules it receives 
from this ; and follow it back to the cloaca. 

5. The sperm sac is a thin-walled tube lying along the 

ventral surface and the outer side of the vesicula 
seminalis, to which it is closely attached, and which 

B 2 



THE DOa-PlSH 



KENAL AND REPRODUCTIVE SYSTEMS 245 

it about equals in length. It ends blindly in front, 
and dilates behind to form the urino-genital sinus. 

Dissect away^ the sperm sac from the mesonephric duct, 
and follow it back to the urino-genital sinus. 

6. The urino-genital linus of each side is the posterior 

end of the sperm sac, into which open the vesicula 
seminaUs and the ureter. About a quarter of an 
inch behind thesQ openings the sinuses of the two 
sides unite, and then open into the cloaca by a small 
aperture at the apex of the urino-genital papilla, 
which is situated immediately behind the opening of 
the rectum. 

Find the opening at the apex of the urino-genital papilla : 
pass a seeker through the opening, and forwards along the 
urino-genital simis and sperm sac of one side: slit up the 
ventral wall of the sinus and sac along their whole length : 
examine, and pass a seeker into the orifices of the vesicula 
seminalis and ureter. 

7. The metanephric ducts are usually five in number on 

each side ; they arise from the outer border of the 
ventral surface of the metanephros at intervals along 
its length. The four anterior ducts, after a short 



Fio. 55.— SoyUinm oanioula. Dissection of a male from the ventral 
surface, to show the renal and reproductive systems. The left 
lobe of the liver and the alimentary canal from the oesophagus to 
the rectum have been removed. The excretory organs of the left 
side only are shown. An arrow is passed through the left abdominal 
pore into the abdominal cavity, (a. m. m.) 

Fio. 56.— Further dissection of the renal and reproductive organs. 
The liver and the greater part of the testis have been removed. 
The right metanephric duct is shown in its natural position ; the 
left duct has been displaced outwards. The urino-genital sinuses of 
both sides have been laid open. (a. h. m.) 

AP» abdominal pore. CF. clamper. ClU groove in claspcr. OB, sac oon- 
tinnoofl with groove in clasper. S, oesophagus. F. pelvio fin. (J. gill-elit. 
H, testis. Ij, liver. F, abdominal opening of pronephrio dncts. Fl), rudi- 
mentajry pronephrio duct. FG, pelvic girdle, fit rectum. HG, rectal gland. 
fiOi opening of rectum into cloaca. 8, mesonephros. 8D, mesonephric duot 
or vae deferens. SO* opening of mesonephric duct into urino-genital sinus. 
88, sperm sac. T, metanephros. TD, metanephric duot or ureter. TD* 
ducts from hinder part of metanephros, joining the ureter as it reacJiesthe 
urino-genital sinus. TO, opening of ureter int o uri no-genital sinus. UF, 
urino-genital papilla. US, urino-genital sinus. VS. vasa eflerentia. VB, 
veiionla 8emiiialu» the dilated hinder end of the mesonephric duot. 
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coarse, unite to form a wide thin-walled tube, the 
ureter, which runs back along the inner side and 
dorsal surface of the vesicula seminalis to open into 
the urino-genital sinus ; just before reaching the 
sinus the ureter is joined by the fifth or most 
posterior duct, from the hinder end of the kidney. 
The number and arrangement of the ureters are sub- 
ject to individual variation. 

Ths metanephric ducts are most readily followed by in- 
jecting them with a coloured fluid from the ureter, which is 
a large wide tube, readily fou/nd along the inner side of the 
mesonephric du>ct. 

8. The cloaca is the shallow depression between the pelvic 

fins into which, in the male, the rectum opens in front 
and the urino-genital sinus behind. 

9. The pronephric or MtQlerian ducts are rudimentary in 

the male, their anterior ends alone being present. 
A small pocket-like sac in the suspensory Ugament of 
the liver, between it and the pericardium, represents 
the abdominal opening of the oviducts of the female. 
From this sac the ducts can be traced a short dis- 
tance round the sides of the oesophagus. 

10. The daspers (see p. 198). 

Vm. DISSECTION OF THE NEBVOUS SYSTEM. 

For this purpose a dog-fish should be taken which has been 
hardened in spirit, the roof of the skull having been previously 
removed so as to allow the spirit free access to the brain. 
The specimen mu^t be moistened from time to time to prevent 
the nerves drying up, or else should be dissected in water or 
weak spirit. 

The nervous system consists of, (1) a central portion, the 
brain and spinal cord, lodged within the skull and vertebral 
column respectively ; and (2) a peripheral portion, the nerves 
themselves, which run from the brain and spinal cord to all 
parts of the body. 
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From the mode of its development the central nervous 
system is tubular; and it retains this character throughout 
life. The central canal is of very small size in the spinal cord, 
but widens out considerably in the brain, its local dilatations 
being spoken of as the ventricles of the brain. 

A. The Dorsal Smfaoe of the Brain. 

Bemove the skin from the dorsal surface of the head. 
Dissect away the eyelids on the right side so as to open up the 
orbit. Slice away the roof of the cranium so as to expose the 
brain fully ^ slicing through the auditory capsule, which lies 
immediately behind the orbit, on the right side, but leaving 
it uninjured on the left. 

The brain is large and nearly fills the cranial cavity : it is 
narrow between the orbits, but expands considerably in front 
of them. As seen from above, the following parts are visible 
in order from before backwards (c/. fig. 49, p. 224). 

1. The prosencephalon is the most anterior and the largest 

division of the brain. It is a smooth, somewhat 
globular mass, lying in the expanded anterior part of 
the cranial cavity, between the ol&ctory capsules and 
the orbits. It is marked in front by a shallow median 
groove; and is sharply separated behind from the 
succeeding part of the brain. It corresponds to the 
cerebral hemispheres of higher vertebrates. 

2. The olfi&ctory lobes are a' pair of large oval masses, arising 

by stout stalks from the sides of the prosencephalon, 
their distal surfaces being closely applied to the 
olfactory capsules. 
8. The thalamencephalon is the narrow portion of the brain 
immediately behind the prosencephalon ; its roof is 
very thin, so that the cavity, or third ventricle, 
can be seen through it. From the hinder part of 
the roof arises the pineal body, a slender tubular 
process which extends forwards over the prosen- 
cephalon, and ends in a slightly dilated knob attached 
to the membranous roof of the skull some little dis- 
tance in front of the brain. 
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vertical slit in the anterior wall, to the left of the 
ventral end of which is a small aperture leading 
into the coronary uniiB, which returns to the sinos 
venosos the blood from the walls of the heart. 



VII. DISSECTION OF THE RENAL AND REPRODUCTIVE 

SYSTEMS. 

These two systems have already been seen in part, but 
may now be examined more fully. They are originally in- 
dependent of each other, but in the course of development 
become associated, owing to the genital ducts being formed 
from parts of the kidney-ducts. 

The kidneys are paired organs, lying side by side along the 
whole length of the dorsal surface of the abdominal cavity. 
Each consists at an early stage of its development of a 
number of convoluted tubules, placed one behind another, 
and opening at one end into the abdominal cavity : at their 
other ends they open into a longitudinal duct, the segTiiental 
duct, which nms the whole length of the kidney, and opens 
in front into the abdominal cavity and behind into the cloaca. 

During development, each kidney becomes divided into three 
parts ; an anterior part or pronephros, which is rudimentary 
or absent in the dog-fish and other Elasmobranchs, but largely 
developed in most ordinary fish ; a middle portion or meso- 
nephros, including the greater part of the length of the 
primary kidney; and a posterior portion or metanephros, 
formed from its hinder part. 

A corresponding division of the duct takes place, so that 
in place of the single segmental duct, three ducts are formed ; 
a pronephric or MtUlerian duct, which opens in front into the 
abdominal cavity, but, owing to the absence of a pronephros, 
loses all connection with the kidney; a mesonephric or 
Wolffian duct, which runs from the mesonephros to the 
cloaca ; and a metanephric duct or ducts, which convey the 
excretion of the metanephros to the cloaca. 

In the female the right and left pronephric ducts unite 
in front, so as to open into the abdominal cavity by^a single 
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median aperture, and become converted into the oviducts ; 
the mesonephros is small and unimportant ; while the 
metanephros and its ducts form the functional kidney and 
ureters of the adult. 

In the male the pronephric ducts are rudimentary and 
functionless ; the mesonephric tubules become connected with 
the testis, and act as vasa efferentia, conveying the sperma- 
tozoa to the mesonephric duct which acts as vas deferens. 
The metanephros and metanephric ducts, as in the female, 
become the functional kidney and ureters. 



TABLE 8H0WIKO THE EMBRYONIC AND ADULT CONDITIONS OF THE KIDNEYS 

AND THEIR DUCTS. 



Embryo 



Female 



Pronephros . . . 
Pronephric dact . 
Mesonephros . . 
Mesonephric duct . 

Metftnephros . . 
Metanephric ducts 



Absent. 

Oviduct. 

Rudimentary. 

Small in front, 

dilating behind to 

form urinary sinus. 

Kidney. 

Ureters. 



Male 



Absent. 

Budimentary. 

Mesonephros. 

Vas deferens, 

urino-genital sinus 

and sperm-sac. 

Kidney. 

Ureters. 



A. The Female. 

1. The ovary, which is single, is an elongated, soft, lobu- 

lated mass, varying a good deal in size, but usually 
about two or three inches long in specimens of the 
size described. It lies in the abdominal cavity a little 
to the right of the median plane, and is attached to 
the dorsal wall by a narrow fold of peritoneum, which 
is very readily torn. 

The surface of the ovary is tuberculated, owing 
to the contained ova. 

2. The oviducts, which are formed from the pronephric or 

Mtillerian ducts of the embryo, are a pair of tubes 
running along the dorsal wall of the abdominal cavity, 
ventral to the kidneys, and not far from the median 
plane. Their anterior ends curve inwards round the 
sides of the ossophagus, and unite immediately in 
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vertical slit in the anterior wall, to the left of the 
ventral end of which is a small aperture leading 
into the coronary riniu, which returns to the sinus 
venosus the blood from the walls of the heart. 



Vn. DISSECTION OF THE RENAL AND REPRODUCTIVE 

SYSTEMS. 

These two systems have already been seen in part, but 
may now be examined more fully. They are originally in- 
dependent of each other, but in the course of development 
become associated, owing to the genital ducts being formed 
from parts of the kidney-ducts. 

The kidneys are paired organs, lying side by side along the 
whole length of the dorsal surface of the abdominal cavity. 
Each consists at an early stage of its development of a 
number of convoluted tubules, placed one behind another, 
and opening at one end into the abdominal cavity : at their 
other ends they open into a longitudinal duct, the segmental 
duct, which runs the whole length of the kidney, and opens 
in front into the abdominal cavity and behind into the cloaca. 

During development, each kidney becomes divided into three 
parts ; an anterior part or pronephros, which is rudimentary 
or absent in the dog-fish and other Elasmobranchs, but largely 
developed in most ordinary fish ; a middle portion or meso- 
nephroB, including the greater part of the length of the 
primary kidney; and a posterior portion or metanephros, 
formed from its hinder part. 

A corresponding division of the duct takes place, so that 
in place of the single segmental duct, three ducts are formed ; 
a pronephrio or M tOIerian duct, which opens in front into the 
abdominal cavity, but, owing to the absence of a pronephros, 
loses all connection with the kidney; a mesonephric or 
Wolffian duct, which runs from the mesonephros to the 
cloaca ; and a metanephric duct or ducts, which convey the 
excretion of the metanephros to the cloaca. 

In the female the right and left pronephrio ducts unite 
in front, so as to open into the abdominal cavity by^a single 
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median aperture, and become converted into the oviducts ; 
the mesonephros is small and unimportant ; while the 
metanephros and its ducts form the functional kidney and 
ureters of the adult. 

In the male the pronephric ducts are rudimentary and 
functionless ; the mesonephric tubules become connected with 
the testis, and act as vasa efferentia, conveying the sperma- 
tozoa to the mesonephric duct which acts as vas deferens. 
The metanephros and metanephric ducts, as in the female, 
become the functional kidney and ureters. 



TABLE BHOWIKO THE EMBRYONIC AND ADULT CONDITIONS OF THE KIONET8 

AND THEIR DUCTB. 



Embryo 



Female 



Pronephros . . . 
Pronephric duct . 
Mesonephros . . 
Mesonephric duct . 

Metanephros . . 
Metanephric ducts 



Absent. 

Oviduct. 

Rudimentary. 

Small in front, 

dilating behind to 

form urinary sinus. 

Kidney. 

Ureters. 



Male 



Absent. 

Rudimentary. 

Mesonephros. 

Vas deferens, 

urino-genital sinus 

and sperm-sac. 

Kidney. 

Ureters. 



A. The Female. 

1. The ovary, which is single, is an elongated, soft, lobu- 

lated mass, varying a good deal in size, but usually 
about two or three inches long in specimens of the 
size described. It Ues in the abdominal cavity a little 
to the right of the median plane, and is attached to 
the dorsal wall by a narrow fold of peritoneum, which 
is very readily torn. 

The surface of the ovary is tuberculated, owing 
to the contained ova. 

2. The oviducts, which are formed from the pronephric or 

Mtillerian ducts of the embryo, are a pair of tubes 
running along the dorsal wall of the abdominal cavity, 
ventral to the kidneys, and not far from the median 
plane. Their anterior ends curve inwards round the 
sides of the oesophagus, and unite immediately in 
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vertical slit in the anterior wall, to the left of the 
ventral end of which is a small aperture leading 
into the coronary dniu, which returns to the sinus 
venosus the blood from the walls of the heart. 



Vn. DISSECTION OF THE RENAL AND REPRODUCTIVE 

SYSTEMS. 

These two systems have already been seen in part, but 
may now be examined more fully. They are originally in- 
dependent of each other, but in the course of development 
become associated, owing to the genital ducts being formed 
from parts of the kidney- ducts. 

The kidneys are paired organs, lying side by side along the 
whole length of the dorsal surface of the abdominal cavity. 
Each consists at an early stage of its development of a 
number of convoluted tubules, placed one behind another, 
and opening at one end into the abdominal cavity : at their 
other ends they open into a longitudinal duct, the segmental 
duct, which nms the whole length of the kidney, and opens 
in front into the abdominal cavity and behind into the cloaca. 

During development, each kidney becomes divided into three 
parts ; an anterior part or pronephros, which is rudimentary 
or absent in the dog-fish and other Elasmobranchs, but largely 
developed in most ordinary fish ; a middle portion or meso- 
nephroB, including the greater part of the length of the 
primary kidney; and a posterior portion or metanephros, 
formed from its hinder part. 

A corresponding division of the duct takes place, so that 
in place of the single segmental duct, three ducts are formed ; 
a pronephrio or M tillerian duct, which opens in front into the 
abdominal cavity, but, owing to the absence of a pronephros, 
loses all connection with the kidney; a mesonephric or 
Wolffian duct, which runs from the mesonephros to the 
cloaca ; and a metanephrio duct or ducts, which convey the 
excretion of the metanephros to the cloaca. 

In the female the right and left pronephric ducts unite 
in front, so as to open into the abdominal cavity by^a single 
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median aperture, and become converted into the oviducts ; 
the mesonepbroB is small and unimportant ; wbile tbe 
metanepbros and its ducts form tbe functional kidney and 
ureters of tbe adult. 

In the male tbe pronepbric ducts are rudimentary and 
functionless ; the mesonepbric tubules become connected with 
the testis, and act as vasa efferentia, conveying tbe sperma- 
tozoa to tbe mesonepbric duct which acts as vas deferens. 
The metanepbros and metanepbric ducts, as in the female, 
become tbe functional kidney and ureters. 



TABLE SHOWIKO THE EMBRYONIC AND ADULT CONDITIONS OF THE KIDNEYS 

AND THEIR DUCTS. 



Embryo 



Pronephros . . . 
Pronepbric duct . 
Mesonephros . . 
Mesonepbric duct . 

Metanepbros . . 
Metanepbric ducts 



Female 


Male 


Absent. 


Absent. 


Oviduct. 


Rudimentary. 


Rudimentary. 


Mesonephros. 


Small in front, 


Vas deferens, 


dilating bebind to 


urino-genital sinus 


form urinary sinus. 


and sperm-sac. 


Kidney. 


Kidney. 


Ureters. 


Ureters. 



A. The Female. 

1. The ovary, which is single, is an elongated, soft, lobu- 

lated mass, varying a good deal in size, but usually 
about two or three inches long in specimens of the 
size described. It Ues in tbe abdominal cavity a little 
to the right of the median plane, and is attached to 
tbe dorsal wall by a narrow fold of peritoneum, which 
is very readily torn. 

The surface of tbe ovary is tuberculated, owing 
to tbe contained ova. 

2. The oviducts, which are formed from tbe pronephrio or 

Mtillerian ducts of tbe embryo, are a pair of tubes 
running along tbe dorsal wall of tbe abdominal cavity, 
ventral to the kidneys, and not far from the median 
plane. Their anterior ends curve inwards round the 
sides of the oesophagus, and unite immediately in 
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ii. The palatine nerve is a slender nerve which mns 
forwards and outwards across the floor of the 
orbit, immediately behind the main stem of 
the fifth nerve : it then turns forwards be- 
neath this nerve and runs along the upper jaw, 
sending branches to the roof of the mouth. 

iii. The hyoidean or poBt-spiracular nerve is a 
much stouter nerve, which runs straight out- 
wards along the posterior wall of the orbit 
towards the spiracle. Continuing its course 
outwards and backwards, in close contact with 
the anterior wall of the auditory capsule, it 
passes along the posterior border of the 
spiracle, where it hes just beneath the skin, 
and then runs downwards and backwards 
along the anterior border of the hyoidean 
arch, giving branches to the muscles of these 
parts. 

Close to its origin it gives off a number of 
small pre-spiracular branches to the anterior 
wall of the spiracle and to the pseudobranch. 

8. The eighth or auditory nerve, immediately after its 

origin, enters the auditory capsule through a hole in 
its inner wall, and divides into branches supplying 
the several parts of the internal ear. 

Slice away the auditory capsule down to the level of the 
root of the auditory nerve, and trace the nerve into it. 

9. The ninth or glosso-pharyngeal is a slender nerve which 

arises from the side of the medulla, about an eighth 
of an inch behind the auditory nerve and nearer the 
ventral surface. It at once enters a foramen on the 
inner side of the auditory capsule, and passing hori- 
zontally outwards and backwards along a canal in 
the floor of the capsule, emerges at its posterior 
and outer angle, opposite the upper end of the first 
branchial cleft, where it divides into two branches. 
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i. The anterior or byoidean branch is the smaller 

of the two, and runs down the posterior 

border of the hyoidean arch, 
ii. The posterior or branchial branch is larger, and 

runs down the anterior border of the first 

branchial arch. 

Press away the medulla from the skull-wall to see the root 
cf the nerve, about an eighth of an inch behind the auditory 
nerve : slice away the auditory capsule horizontally to eocpose 
the nerve in the canal, and then follow the branches along the 
branchial arches. 

10. The pneumogastric or YBgns is a large nerve, which 
arises by a number of roots from the side of the 
hinder part of the medulla, the most anterior root 
being immediately behind and dorsal to that of the 
glosso-pharyngeal. 

The nerve, formed by the union of these roots, 
runs outwards and backwards through the skull- 
wall, emerging at its hinder end between the cranium 
and the auditory capsule. It then runs horizontally 
backwards parallel to the vertebral colunm, and a 
short distance to its outer side, lying along the inner 
wall of the anterior cardinal sinus, and giving off 
numerous branches. 

Press away the medulla from the skull-wall to see the 
roots of origin of the vagu^. Slice away horizontally the 
hinder end of the skull to expose the nerve in this part of its 
course. Lay open the anterior cardinal sinu^ by slitting up 
its dorsal wall ; wa^h out the contained blood, and identify 
the branches of the vagu^ running along its inner wall and 
across its floor. Dissect these branches out, and follow them 
to their distribution, 

i. The branchial nerves, which are four in number, 
run backwards and outwards in the floor of the 
anterior cardinal sinus to the upper ends of the 
four hinder, i,e, second to fifth, branchial clefts. 
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Each then divides into a smaller anterior and a 
larger posterior branch, which supply the two 
borders of the corresponding cleft, in a manner 
precisely similar to that in which the glosso- 
pharyngeal supplies the first branchial cleft. 

ii. The Tisoeral nerves are continuations backwards 
of the trunk from which the branchial nerves 
arise ; they give off several branches, of which 
the most important are the cardiac nerves 
to the heart, and the gastric nerves to the 
stomach. 

iii. The nerve of the lateral line arises from the 
vagus near its root: it b*es dorsal to the 
branchial nerves, and behind these it runs 
along the inner surface of the body-wall to the 
hinder end of the body, parallel to the lateral 
line, the sense-organs of which it supplies. 

D. Dissection of the Brain. 

1. Semoval of the brain. 

Cut across the medulla a short way behind the roots of the 
vagus. Cut through the olfactory nerves so as to separate the 
olfactory lobes from the nasal capsules ; and cut through the 
several cranial nerves one by one, about midway between the 
brain and the skull-walL Turn out the brain from the cranium, 
taking care not to damxige the pituitary body : this latter lies 
on the under surface of the brain, opposite to the optic lobes, 
and in a hollow of the skull-floor, to which it is firmly at- 
tached, and from which it must be dissected away, 

Eacamine the skull after remxyval of the brain, and identify 
the several nerve-stumps and their foramina of exit, • 

2. The ventral surface of the brain. (C/. p. 247.) 

Place the brain in spirit, with the ventral surface upwards f 
and identify the following structures, 

a. The prosencephalon is marked by a shallow median 
groove; posteriorly it is directly continuous with 
the thalamencephalon. 
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b. The ol&ctory lobes have much the same appearance 
as from the dorsal snrjhce. 

e. The optic chiasma is formed by the crossing of the 
optic nerves on the under sur£euse of the thalam- 
encephalon. Beyond the chiasma the nerves 
diverge outwards towards the foramina in the 
skull- wall which lead to the orbits. 

d. The infondibulum consists of a pair of prominent 
oval swellings, sometimes called lobi inferiores, 
on the under surface of the thalamencephalon, 
immediately behind the optic chiasma. 

6. The pituitary body is a thin-walled sac immedi- 
ately behind the infundibulum, and attached to 
it. It is produced laterally into two thin-walled 
pouches, the sacci vasculosi; and it has along 
its ventral surfEM^e a median tubular body of 
unlmown function, the anterior end of which is 
connected with the infundibulum, and the pos- 
terior end, in the natural condition of the peurts, 
attached to the floor of the skull. 

£ The roots of the third nerves arise from the ventral 

surface of the brain close to the middle line, and 

opposite the junction of the infundibulum with 

the pituitary body. 

Lift up the pituitary body and infundibulum so a^ to 

expose the third nerves fully. 

g. The medulla is narrow in front: it widens consider- 
ably opposite the roots of the fifth and seventh 
nerves; and then narrows again as it passes 
back into the spinal cord. 

L The roots of the sixth nerves arise from the ventral 
surface of the medulla, near the middle line, and 
a short distance behind the level of the roots of 
the fifth and seventh nerves. 
8. The cavities of the brain. 
Bisect the brain by a median vertical incision along its 
whole length. Slice away the inner surface of one half of the 
prosencephalon until the cavity within it is fully exposed. 

s 
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The brain, as already noticed, is tabular, and its 
cavity is continued into all the principal lobes or 
processes, which may be regarded as formed by fold- 
ings of its wall, or rather by unequal growth at 
various parts. The roof of the brain varies greatly 
in thickness at different parts, but the floor is nearly 
uniform throughout (cf, fig. 49, p. 224.). 

a. The lateral yentricles are a pair of large laterally 

compressed cavities in the prosencephalon, sepa- 
rated from each other by a median vertical 
septum. Posteriorly they open into the cavity 
of the thalamencephalon, and on their outer 
sides they are prolonged into the ol&ctory lobes. 
The posterior wall of the prosencephalon, 
just in front of and above the thalamencephalon, 
is produced on each side into a very thin- walled 
fold, which projects forwards into the lateral 
ventricle nearly to its anterior end. Between 
the two layers of the fold are numerous blood- 
vessels forming the choroid plexus. 

b. The third ventricle is the cavity within the thalam- 

encephalon : it communicates in front with the 
lateral ventricles, above with the very narrow 
cavity of the stalk of the pineal body, behind 
with the cavity beneath the optic lobes, and be- 
low with the infundibulum. 

€. The pituitary body is a sac with very thin walls, 
standing in this respect in marked contrast to 
the infundibulum, which has thick walls. Its 
cavity communicates in front with that of the in- 
fundibulum, and behind with that of the tubular 
body which lies on its ventral surface. 

d. The optic lobes, cerebellum, and restiform bodies 
are all hollow outgrowths from the dorsal surfebce 
of the brain. Their walls are of moderate thick- 
ness, excepting the dorsal ends of the restiform 
bodies, which are very thin. 
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e. The fourth ventriole is the cavity in the medulla, 
beneath and behind the cerebellum : its sides 
and floor are thick, its roof very thin. 

E. The Spinal Cord and Nerves. 

Slice away the roof of the neural canal horizontally^ so as 
to expose the spinal cord from the dorsal surface. 

Press away the cord gently from the side of the canai, to 
expose the roots of the spinal nerves, 

1. The spinal cord lies in the neural canal of the vertebral 

column. It is flattened dorso-ventrally ; marked by 
median longitudinal grooves or fissures along its 
dorsal and ventral surfaces ; and traversed throughout 
its whole length by a narrow central canal, continuous 
in front with the fourth ventricle of the brain. 

2. The spinal nerves arise in pairs from the sides of the 

spinal cord. Each nerve arises by two roots, a 
dorsal or sensory root, and a ventral or motor one : 
of these the dorsal root is some distance in front of 
the corresponding ventral one, the successive dorsal 
and ventral roots alternating at about equal intervals 
along the sides of the spinal cord. 

Each dorsal root arises as a single trunk from 
the spinal cord, and passes out from the neural 
canal through a notch in the hinder margin of the 
intervertebral neural plate. The corresponding ven- 
tral root arises by three or more rootlets from the 
spinal cord, and passes out from the neural canal 
through a smaller notch in the hinder margin of the 
vertebral neural plate. Outside the vertebral column 
the two roots unite to form the spinal nerve. 

IX. DISSECTION OF THE SENSE-OBGANB. 

A. The Nose. 

Dissect out one of the olfactory organs from its capsule : 
cut it across transversely about the middle; wash it, and 
examine its structure. 

8 2 
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The olfactory organ is a sac, the walls of which are thrown 
into a large number of transverse folds attached in pairs to 
a median septum. Each fold is covered by a soft mucous 
membrane, the surfiEuse of which is increased by secondary 
foldings. The ol&ctory nerves enter the organ from the 
dorsal surface, and spread out in the folds. 

The great size of the olfactory organ, and of the nerves it 
receives, is very characteristic of Elasmobranch fishes. 

B. The Eye. 

Bemove one of the eyes by cutting across the eye-muscles 
and optic nerve. Snip off the remains of the muscles, and 
divide the eye into an inner and an outer half by cutting all 
round it equatorially. Place the two halves underwater in a 
dissecting dish. 

The eye is hollow ; its walls consist of three concentric 
layers, and within its cavity, near the outer side, is the 
spherical lens, about the size of a pea. 

1. The sclerotic, or outermost coat of the eye, is thin 

and cartilaginous. It invests the whole of the eye 
except the part covered by the cornea. 

2. The oomea is an oval patch on the outer surfEM^e of the 

eye, through which the light enters. It is about half 
an inch long and a quarter of an inch broad. It 
consists of transparent connective tissue, and is con- 
tinuous at its edges with the sclerotic. 

8. The choroid is a black opaque membrane, lying within 
the sclerotic. It adheres closely to the sclerotic, and 
is firmly attached to the line of union of sclerotic and 
cornea. Beyond this line it is continued into the 
iris, which lies free behind the cornea, and is per- 
forated in its centre by an elongated oval sUt, the 
pupily through which alone light can get to the in- 
terior of the eye. 

The inner surfebce of the choroid, especially in 

the inner half of the eye, is covered by a glistening 
silvery membrane, the tapetum. 
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4. The retina is a soft pulpy membrane lying on the izmer 

surfiEM^e of the choroid, and readily separable from it 
except at the point of entrance of the optic nerve, to 
which it adheres firmly, and with which it is con- 
tinuous. It is the only part of the eye sensitive to 
light. 

5. The lens is a solid spherical body, suspended in the eye 

immediately behind the pupil. During life it is trans- 
parent, and serves to bring the rays of light to a focus 
on the retina. 

The spherical shape of the lens, together with 
the flatness of the cornea, is very characteristic of 
aquatic animals. 

C. The Ear. 

The ear consists of a membranous sac, or vestibule, filled 
with fluid, and produced into three curved tubes, the semi- 
circular canals, which lie in planes at right angles to one 
another, and open into the vestibule at both ends. 

The whole sac is lodged within the cartilaginous auditory 
capsule, which is firmly united with the side of the hinder 
eni of the skull. 

Scrape clean the hinder end of the skull so as to expose the 
left auditory capsule fully. Note, on the dorsal surface, the 
prominent ridges lodging the anterior and posterior vertical 
semicircular canals, the former running backwards and in- 
wards from the hinder margin of the orbit, and the latter 
backwards and outwards to the posterior end of the skull. 
Note also, at the inner side of the point of meeting of the two 
canals, a hole leading downwards and outwards into a canal, 
the aqueductus vestibuli. 

Hold the skull in the left hand and carefully pare away 
the cartilage with a sharp scalpel until the several parts of 
the auditory organ are fully exposed. Owing to the trans* 
parency of the cartilage, the parts can be seen before they are 
met with, and the dissection, though requiring care, is not 
difficult. 
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1. The yestibnle is a laterally compressed sac, lying in the 

lower and inner part of the auditory capsule. It is 
partially divided into two ; contains milky calcareous 
concretions ; and communicates with the dorsal sur- 
face of the skull by the aqueductUB vestibuli, which 
is a persistent relic of the involution of the dorsal 
integument from which the ear is developed. 

Pass a seeker down the aquedtictus vestibuli into the 
vestibule. 

2. The semicircular canals are three in number. They 

open at both ends into the vestibule, and each is 
dilated at one end into an oval ampulla, which re- 
ceives a branch of the auditory nerve, 
i. The anterior vertical canal has its ampulla at 

the anterior end close to the orbit, 
ii. The posterior vertical canal is the longest of 
the three, and forms almost a complete circle. 
Its ampulla is at its posterior and inferior end, 
on the ventral wall of the skull, 
iii. The horizontal canal lies in the wing-like 
lateral process of the auditory capsule, behind 
the orbit : its ampulla is at its anterior end, 
close to that of the anterior vertical canal. 

8. The auditory nerve enters the auditory capsule on its 
inner side, and at once divides into branches, which 
can be traced to the vestibule and to the ampulka 
of the semicircular canals. 

D. The HucouB Canals. 

These are long tubes opening by one end on the surface of 
the head, while the other end is closed and dilated into an 
oval ampulla, which is subdivided internally by partitions, 
and receives nerve-branches. 

The ampullsB are collected together into a large mass at 
the anterior end of the snout, in front of the cranial cavity ; 
and two smaller masses at the sides of the head, between the 
nose and the orbit. From these masses the tubes diverge to 
their external openings, which are arranged in rows on the 
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dorsal and ventral surfaces of the head. The tubes are filled 
with a transparent gelatinous matter, which can readily be 
squeezed out from their openings on pressure. 

Their fanction is not known with certainty, but they are 
generally believed to be sense organs of some kind. The nerves 
supplying them are the ophthalmic branches of the fifth and 
seventh nerves, and the maxillary division of the fifth. 

Sqiieeze the head of a fresh specimen^ so as to make the 
gelatinous matter exude, and so render the openings visible. 

Remove the shin from the dorsal and ventral surfaces of the 
heady an operation mv/ih facilitated by dipping tlie head into 
hot water for a few moments : identify the masses of ampulla 
and the nerves in connection with them, and trace the tubes 
outwards and backwards to their openings. Some of the tvibes 
which run along the dorsal surface of the skull, between the 
cranium and the orbit, are some inches in length. 

Cut out a small piece of the mass of ampullcB : put it on a 
slide in a drop of water : separate the parts with needles : 
cover, and examine under the microscope. Note the ampulla, 
their internal divisions, the nerves supplying them, and the 
tubes. 



264 



Chapter XII. 

THE SKELETON OF THE BABBIT. 

Lepns cunictdtLS. 

In the eaxly stages of development the skeleton of the rahbit 
consists entirely of cartilage. This primary cartilaginous 
skeleton agrees in general plan with the skeleton of the dog- 
fish, and may be taken as representing a corresponding stage 
in the evolution of mammals. 

The skeleton of the adult rabbit is made up of bone, to- 
gether with a small amount of cartilage. The bones are of 
two chief kinds. 

(1.) CartHage-bones are so called from their arising in 
direct relation with the pre-existing cartilage. They make up 
the greater part of the adult skeleton. 

(2.) Hembrane-bones are developed independently of the 
primary cartilaginous skeleton, and are almost confined to 
the head. They are to be regarded as dermal bones which 
have lost their connection with the skin, and become in 
many cases firmly united with the underlying cartilage and 
cartilage-bones : they are morphologically equivalent to the 
bony plates forming the bases of the scales in the dog-fish. 

The sesamoid bones form a third class. These are of small 
size and little morphological importance, and are developed 
within the tendons of certain of the limb-muscles, close to the 
joints : they modify the action of these muscles by altering the 
direction in which they pull. 

The teeth of the rabbit are cutaneous structures, com- 
parable to the scales or teeth of the dog-fish; they are, 
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however, in the adult so intimately associated with the bones 
of the jaws that they may conveniently be described with the 
skeleton. The hairs and claws, which are special develop- 
ments of the epidermis, or surface-layer of the skin, will be 
described in the next chapter. 

The rabbit's skeleton may be divided, like that of the dog- 
fish, into axial and appendicular portions, which will be dealt 
with successively. 

The following points in the rabbit's skeleton should be 
noticed as characteristic of the great majority of mammals, 
and as separating them from lower vertebrates. 

Epiphyses are present at the ends of the vertebral centra, 
as well as at the ends of the long bones of the limbs ; and the 
successive vertebrae are connected by inter- vertebral ligaments : 
the cervical v^rtebrsa are seven in number. The sternum is 
transversely jointed. In the skull, there is a completely ossi- 
fied occipital*ring, with two condyles : the cranial and olfactory 
cavities are separated by a bony cribriform plate : there is not 
a distinct para-sphenoid on the under surface of the skuU : the 
lower jaw articulates directly with the squamosal : there are 
three or four small but distinct auditory ossicles, of which the 
incus probably represents the quadrate of lower vertebrates. 
The teeth form a single row round the margin of each jaw, and 
are arranged in groups. In the shoulder girdle, the coracoid 
is reduced to a small process of the scapula ; and there is no 
inter-clavicle. The ankle-joint is situated between the tibia 
and fibula above, and the proximal tarsal bones below : the 
fourth and fifth carpalia, and the corresponding tarsalia, fuse 
to form a single bone in each limb : the preaxial digit, cor- 
responding to the thumb, has two phalanges, while the others 
have each three. In the rabbit the first digit of the hind limb, 
corresponding to the great toe in man, is rudimentary: in 
other mammals it has two phalanges hke the thumb. 

Examine the prepared skeletons and make drawings to 
scale of the several parts. 



266 SKELETON OF THE RABBIT 

I. THE AXIAL SKELETON. 

A. The Vertebral Colnnm or ' backbone.' 

This consists of a series of bony rings or vertebrsB, placed 
end io end so as to form a tube, which stiffens the back, and 
lodges and protects the spinal cord. The successive vertebrae 
are movablj articulated with one another, and their centra 
are separated by intervertebral discs of fibro-cartilage, except 
in the sacrum, where a certain niimber are fused together to 
support the pelvis. 

The vertebrae ia31 readily into five groups, named as follows 
from before backwards : — 

(1.) The cervical or neck vertebrae. 

(2.) The thoracic vertebrae, which bear movably articulated 
ribs. 

(8.) The lumbar vertebrae, which are the largest of the 
series, and bear no ribs. 

(4.) The sacral vertebrae, which are fused together and 
support the pelvis. 

(5.) The caudal or tail vertebrae. 

1. Oeneral characters of a vertebra. 
Examine, as a type, the second lumbar vertebra. 

a. The vertebra is tubular, the cavity or neural canal 

being occupied during life by the spinal cord. 

b. The centrum or body is tbe thickened ventral wall 

of the tube, forming the floor of the neural canal. 
It corresponds in position to the notochord of the 
embryo, which it replaces (c/. p. 200). 

c. The epiphyses are two thin plates of bones applied 

to the ends of the centrum, with which they fiise 
in old age. 

d. The neural arch forms the sides and roof of the 

neural canal, and presents at each end, close to- 
the centrum, a pair of intervertebral notches for 
the passage of the spinal nerves, the posterior 
notches being much the deeper. 
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e. The neural spine or spinons process is a median 
dorsal crest, projecting upwards and forwards 
from the top of the neural arch. 

£ The hypapophysis is a median ventral process from 
the under surface of the centrum, projecting 
downwards and forwards. 

g. The transverse processes are a pair of large flattened 
processes with expanded ends, projectingforwards, 
downwards, and outwards from the sides of the 
centrum. 

h. The zygapophyses or articular processes are borne 
on the two ends of the neural arch : they articulate 
"Vfrith those of the adjacent vertebrsB, so as to limit 
torsion and lateral displacement of the vertebral 
column. 

i. The pre-zygapoph3rses, or anterior articular pro- 
cesses, project upwards from the anterior end 
of the neural arch. The articular surfe^es 
are concave, and turned inwards towards each 
other ; above them the processes extend up- 
wards to form the stout metapophyses. 
ii. The post-zygapophyses, or posterior articular 
processes, proj ect backwards from the top of the 
hinder end of the neural arch. The articular 
surfaces are slightly convex, and face outwards 
and downwards. 

j. The anapophyses are a pair of small, backwardly 
directed processes from the hinder end of the 
neural arch, below the post-zygapophyses and 
above the intervertebral notches. 

2. The cervical vertebras. 

These are seven in number in the rabbit, as in 
almost all other mammals. As a group they are 
characterised by the shortness of their centra ; the 
small size of their spinous processes ; and the fasion 
of the ribs with the vertebrse to form the perforated 
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transverse processes, through which the vertebral 
arteries run. 

a. The first, or atlas vertebra, differs very markedly 
from all the others : its more important characters 
are as follows. 

i. The neural canal is very large, and is divided into 
two parts by a transverse ligament, which is 
usually preserved in the dried skeleton : of 
these, the upper and larger is the true neural 
canal, giving passage to the spinal cord ; while 
the lower and smaller one lodges the odontoid 
process of the second vertebra. 

ii. The centrum is probably represented by the 
odontoid process, which has become detached 
from the atlas, and fused with the centrum 
of the second vertebra. The mid-ventral 
portion of the atlas is very narrow, and is 
produced backwards into a E^ort process. 

iii. The neural spine is a very insignificant ridge, 
most prominent in front. 

iv. The transverse processes are broad horizontal 
lamellsB, perforated at their bases by longi- 
tudinal vertebrarterial canals. In front of 
each transverse process the canal is continued 
upwards as a groove to a foramen in the 
neural arch, through which the vertebral 



Fio. 57. — Lepui ennienlni. Selected vertebne. (a. h. h.) 
I. First oervioal vertebra, or atlas, from the dorsal surface. 
n. Second cervical vertebra, or axis, from the right side. III. Fifth 
cervical vertebra ; anterior surface. IV. Fourth thoracic vertebra, 
from the right side. V. Fourth thoracic vertebra, and fourth pair 
of ribs; anterior surface. YI. Second lumbar vertebra, from tihe 
right side. YII. Second lumbar vertebra ; anterior surface. 

AF, anapophytlB. AZ, anterior or pre-sTKapopbysiB. C, oentrum. 
0B« epiphyais of centrum. CBi cerrical rib. FH. facet for capitulum or 
head of the fourth rib. FH', facet for capitulum of the fifth rib. FO. facet 
for odontoid process. FT. facet for tubercle of fourth rib. HF> hypapophysis. 
MFt metapophysis. JXBy neural spine, or spinous process. OP, odontoid 
process. PZ, post-zygapophysi?. BC, capitulum or head of rib. BP,pro- 
cess of rib for attachment of ligaments. HS. sternal portion of rib. ±tT* 
tubercle of rib. BV, rertebral portion of rib. 8, sternum. TFi transrerae 
process. VA. vertebrarterial canal. 
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artery enters the neural canal and the first 
spinal nerve leaves it. 

Along the inner and hinder border of each 
transverse process is a deep groove, corre- 
sponding to an intervertebral notch, for the 
passage of the second spinal nerve. 

V. The articular surfaces. The anterior end of the 
atlas has two very large, deeply concave sur- 
faces, for articulation with the condyles of the 
skull : the posterior end has two much smaller 
&cets for the second vertebra. 

b. The second or axis vertebra. 

i. The centrum is broad and flat, and is produced 
in front into the conical odontoid process, 
which is probably the centrum of the atlas 
vertebra. The suture between the odontoid 
process and the body of the axis is readily 
seen in young rabbits. 

ii. The neural spine forms a large vertical crest, 
very prominent in fix)nt, and bifid behind. 

iii. The transverse processes are small, backwardly 
directed spines, perforated at their bases by 
the vertebrarterial canals. 

iv. The anterior articular surfiices are large and 
convex, and situated at the sides of the anterior 
end of the centrum. 

V. The post-zygapophyses project backwards from 
the hinder edge of the neural arch, their 
articular surfaces facing downwards and out- 
wards. 

€. The remaining cervical vertebrss : — third to seventh. 

i. The centra are short, broad from side to side, 
thin from above downwards, and obliquely 
trimcated at the ends. The centrum of the 
seventh vertebra bears at its posterior end a 
pair of facets, which form parts of the articular 
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surfaces for the heads of the first pair of 
thoracic ribs. 

ii. The neural spines are small, excepting that of 
the seventh vertebra. 

iii. The transverse processes are perforated at their 
bases by the vertebrarterial canals: beyond 
these they divide into dorsal and ventral por- 
tions, of which the latter, the inferior lamellss, 
form prominent bony plates, except in the 
< seventh vertebra, in which they are absent. 

iv. The zygapophyses are borne on the sides of the 
neural arches ; the anterior facing upwards 
and inwards, the posterior downwards and 
slightly outwards. 

3. The thoracic vertebrsB. 

These are usually twelve, sometimes thirteen, in 
number, and are characterised by bearing movably 
articulated ribs. The neurapophyses are long, 
especially in front : that of the tenth or anticlinal 
vertebra is nearly vertical, those in front of it sloping 
backwards, and those behind forwards. The pos- 
terior two or three thoracic vertebrsB are larger than 
the others, and gradually approach the lumbar 
vertebrsB in size and shape. 

a. A t]rpical thoracic vertebra : — any one of the first 
six. 

i. The centrum is short, and thick from above 
downwards. On each side in front is a small 
facet, which, with a similar one on the hinder 
edge of the vertebra next in front, forms the 
articular surface for the head of the rib. At 
the posterior end are a similar pair of tacetB 
for the ribs of the succeeding vertebra. 

ii. The neural arch is notched, both before and 
behind, for the passage of the spinal nerves. 

iii. The transverse processes are short, stout, and 
horizontal, and bear on their under surfaces 
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the articular facets for the tubercles of the 

ribs, 
iv. The neural spine is loDg and slender, and 

slopes obliquely backwards, 
v. The zygapophjrses. The pre-zygapophyses face 

upwards and outwards, the post-zygapophyses 

downwards and inwards. 

b. The posterior three or four thoracic vertebrsB. 
i. The centra are larger than in the anterior 

thoracic vertebrae : the facet for the head of 

each rib is confined to the anterior end of the 

centrum, the posterior end having no articular 

surface, 
ii. The neural spines are lower than in the anterior 

vertebrsB, but longer from before backwards, 
iii. The transverse processes are placed further 

back, and have no articular febcets for the 

ribs, 
iv. Metapophyses appear in the ninth thoracic 

vertebra, and increase considerably in size in 

the succeeding ones. 

4. The lumbar vertebrsB. 

These are usually seven in number: the most 
anterior one may, however, bear ribs, in which case 
it is reckoned as a thirteenth thoracic vertebra, and 
the lumbar vertebrae become reduced to six. 

The characters of a typical lumbar vertebra have 
already been described : as a group they are charac- 
terised by their large size, and the great development 
of their processes, especially the transverse pro- 
cesses. They increase in size from before backwards, 
the last but one being the largest. The first twa 
have hypapophyses : the last one has a short stout 
centrum, and a stout crest-like neural spine. 

5. The sacral vertebras. 

Strictly speaking, the sacral vertebrae are those 
of which the expanded ribs directly support the 
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pelvis ; and of these the rabbit has only one, or at 
most two. A certain number of the sacceeding ver- 
tebrsB, which are fused with one another and with the 
last true sacral vertebra, are, however, commonly 
included imder the same name, the whole fused mass 
being spoken of as the sacrum. Beckoned in this 
way the rabbit has three or more sacral vertebrsB, the 
lines of boundary between which can easily be made 
out, in spite of their fusion. 

a. The first sacral vertebra is much the largest, and is 

produced laterally into a pair of large wing-like 
expansions which support the pelvis, and are re- 
garded as modified ribs fused with the vertebra. 
The neural spine is large and nearly vertical. 

b. The hinder saoral vertebrsD are much smaller, and 

decrease in size from before backwards. Their 
number is variable, increasing with age owing to 
fusion with the anterior caudal vertebrte. 

The anterior outer border of the second sacral 
vertebra just touches the pelvis, but it is doubtful 
whether any true costal element is present in it. 

6. The caudal vertebrsD. 

These are about sixteen in number : they decrease 
in size from before backwards, gradually losing all 
their processes, and ultimately the neurid arches as 
well, the hindmost vertebrae being reduced to mere 
rod-like centra. 

B. The Sibs and Sternum. 

These form, with the thoracic vertebrae, the skeletal frame- 
work of the wall of the thorax, which plays an essential 
part in the mechanism of respiration, besides protecting the 
thoracic viscera, and giving origin to some of the extrinsic 
muscles of the fore-limbs. 

1. The ribs are curved bony rods, movably articulated with 
the vertebrae above, and connected at their lower 
ends with the sternum. There are in the rabbit 
twelve, or sometimes thirteen, pairs. 

T 
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a« A typical rib, such as the fifth, consists of two 
portions of very unequal size, joined together 
ahnost at right angles. 

i. The vertebral portion, which is the larger part 
of the rib, is a flattened rod of bone, strongly 
curved above, nearly straight below. The 
dorsal end or capitulmn articulates with a 
concave surface, furnished partly by the cen- 
trum of the corresponding vertebra, and partly 
by that of the vertebra next in front. A short 
way beyond the capitulum, and on the dorsal 
surface of the rib, is the tubercle or surfEUse 
for articulation with the transverse process 
of the corresponding vertebra; and imme- 
diately beyond the tubercle is a short vertical 
projection for the attachment of ligaments. 

ii. The sternal portion is a short bar of calcified or 
imperfectly ossified cartilage, connecting the 
lower end of the vertebral portion with the 
sternum. 

b. The ribs in general. The ribs increase in length 
from the first, which is very short, to the sixth, 
behind which they diminish. The first nine pairs 
of ribs have both capitular and tubercular articu- 
lations with the vertebrae : in the remaining three 
(or four) pairs, which are more slender than the 
anterior ones, the tubercles are absent, and the 
capitular articulations, which alone are present, 
are confined to the corresponding vertebrsB. 

The sternal portions of the first seven pairs 
articulate directly with the sternum : the remain- 
ing ones do not reach the sternum, though those 
of the eighth and ninth pairs are closely connected 
with the ribs in front of them. 

2. The sternum is an elongated, laterally compressed 
median rod, situated in the ventral wall of the thorax, 
and divided transversely into segments or stemebrsB* 
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It is developed in connection with the ventral ends 
of the ribs, and consists at first of right and left 
halves. 

The anterior segment or manubrium is much the 
largest, and is produced ventrallj and in front into a 
prominent keel. 

Behind the manubrium come four segments of 
about equal length, then a very short segment, and 
finally the ziphistemum, a long slender bony rod end- 
ing behind in a horizontal plate of cartilage. 

The first pair of ribs articulate with the sides of 
the manubrium, and the succeeding six pairs between 
the several stemebrae. 

0. The Skull. 

In the adult rabbit, the original cartilaginous skull is al- 
most completely replaced by bone. In addition to these carti- 
lage-bones, membrane-bones are largely developed ; and the 
two groups of bones, though primitively distinct, become in- 
timately and immovably united to form a complex mass, in 
which the several morphological components, and even the 
boimdaries of individual bones, are difficult to determine, and 
of which the essential composition can only be ascertained 
by a study of the embryonic stages. 

In the following description the menU>rane-bones are 
described in connection with the cartilage-bones with which 
they are most closely associated, and their names are printed 
in italics. Though it is convenient to deal with the membrane 
bones in this way, it must be borne in mind that, inasmuch as 
they are primitively independent of the cartilaginous skeleton, 
any attempt to group them according to the divisions of this 
primary skeleton must be more or less arbitrary. 

1. The cranium proper or brain-case forms the posterior 
part of the skull ; and is situated almost completely 
behind the orbits, or deep cup-like sockets for the 
eyeballs. The anterior or facial part of the skull is 
not in a line with the base of the cranium, but is de- 
flected through about 60''. 

T 2 
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The bones of the craninm proper are arr&nged in 
ft serieB of 8eg;itteiits or rings, one in front of the 
other: of these the hindmost or Ofloipital segment 
is the most obvious, and is very readily detached from 
the rest of the skull as a bony ring. 

Care most be taken not to confuse these aegments 
with vertebrie, vith which they do not correspond, 
a. The occipital segment consists entirely of cartilage- 
bones, which may fuse together inseparably, 
i. The ban-occipital is a median flat bone, forming 
the floor of the hinder end of the cranial 
cavity. It forms the ventral boundary of 
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the foramen magnum, and a small part of 
each occipital condyle. 

ii. The ez-occipitals bound the foramen magnum 
laterally, and form the greater part of the 
condyles. Each is produced at its outer side 
into a long, downwardly directed par-oocipital 
process, which is closely applied to the pos- 
terior surface of the tympanic bulla. 

iii. The supra-occipital is a large median bone, 
which completes the occipital segment above. 
The whole bone is markedly cancellous, and its 
outer surface is raised into a prominent shield- 
shaped elevation, giving attachment to the 
muscles raising the head. 

b. The parietal segment consists of both cartilage- 
bones and membrane-bones. It is situated in 
front of the occipital segment, with which it is in 
contact above and below ; while at the sides the 
two segments are separated by the interposition 
of the auditory capsules and the squamosal 
bones, 
i. The basi-sphenoid is a median bone placed directly 
in front of the basi-occipital, with which it is 
connected by a thin plate of cartilage. Seen 
from below it is triangular, with the apex 
directed forwards. On its upper or dorsal 
surface is a depression, the sella tureica: 
this lodges the pituitary body, and is bounded 
behind by the large overhanging posterior 
clinoid process ; while its floor remains un- 
ossifled as the pituitary foramen. 

ii. The ali-sphenoidB are a pair of wing-like bones 
ankylosed with the sides of the basi-sphenoid, 
and forming parts of the floor of the cranial 
cavity. From the ventral surface of each 
ali-sphenoid there projects downwards a ver- 
tical plate of bone, the external pterygoid 
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process, which is placed nearly transversely 
to the longitudinal axis of the skull, and is 
connected along its inner edge with the pala- 
tine bone : it is perforated at its base by three 
foramina, of which the innermost and largest 
transmits the internal maxillary artery and 
vein, and the two outer ones, branches of the 
mandibular division of the fifth nerve. 

Between the ali-sphenoid and the anterior 
end of the basi-sphenoid on each side is a 
large slit-like notch, the sphenoidal fissure or 
foramen lacerum anterius, through which the 
third, fourth, and sixth nerves, and the first 
and second divisions of the fifth pass out from 
the cranial cavity into the orbit. 

At the posterior border of each ali-sphenoid 
is a deep notch for the passage of the third 
division of the fifth nerve. 

iii. The parietals are a pair of flattened mem- 
brane-bones, articulating with each other in 
the mid-dorsal line at the sagittal suture, and 
forming a great part of the roof of the cranial 
cavity. 

From the posterior and outer angle of each 
parietal a thin plate runs down on the inner 
surface of the squamosal, which latter bone 
separates the parietal from the ali-sphenoid. 

iv. The interparietal is a small median bone in the 
roof of the skull, between the parietals and 
the supra-occipital. 

c. The frontal segment surrounds the anterior end of 
the brain : it is placed in front of the parietal 
segment, with which it articulates closely. 

i. The pre-sphenoid is a median, laterally compressed 
bone in front of the basi-sphenoid, and con- 
nected with it by cartilage. It forms the 
lower margin of the optic foramen, a large 
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aperture through which the optic nerves enter 
the orbits from the cranial cavity, and the 
two orbits communicate with each other. 
The upper and posterior border of the pre- 
sphenoid is produced backwards into the 
small anterior clinoid processes, which bound 
the sella turcica in front. In front of the optic 
foramen the pre-sphenoid is continued for- 
wards as a pair of vertical laminae, diverging 
from each other at an acute angle, and forming 
parts of the inner walls of the orbits, 
ii. The orbito-sphenoids are a pair of lamellar bones, 
which are fused with the pre-sphenoid. They 
surround the optic foramen, behind which 
they form part of the wall of the cranium 
and of the orbits, uniting suturally with 
the ali-sphenoids and with the frontals and 
squamosals. 

iii. The frontals are a pair of large membrane-bones 
completing the frontal segment. They unite 
suturally with each other in the mid-dorsal 
line, with the parietals behind, and with the 
orbito-sphenoids and pre-sphenoids below. 

The frontals form the roof and sides of the 
anterior part of the cranial cavity, and meet 
each other on its floor in front : they extend 
forwards into the region of the nose. The 
outer surface of each frontal forms the upper 
part of the wall of the orbit, and bears a 
prominent crescentic supra-orbital process, in 
front of which it sends forwards a slender 
process between the maxilla and premaxilla. 

d. The ethmoidal region lies entirely in front of the 
cranial cavity, and is in close relation with the 
olfactory organs. 

i. The mes-ethmoid is a median vertical plate of 
cartilage, which extends forwards and down- 
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wards in front of the pre-spbenoid, separating 
the right and left olfactory cavities from each 
other. 

Its upper and posterior border is ossified 
and expanded laterally into the cribriform 
plate, which is placed obhquely across the 
anterior end of the cranial cavity, in the plane 
of the base of the skull, and is perforated by 
a number of holes through which the olfactory 
nerves pass &om the brain to the nose. 

2. The sense-capsules. Each of the organs of special sense 
has, as in the dog-fish, a protecting investment of 
cartilage or strong connective tissue. In the case of 
the olfactory and auditory organs these capsules are 
closely connected with the cranium, and are more or 
less extensively ossified. Membrane-bones are also 
developed in inmiediate relation with the sense- 
capsules, and may conveniently be considered with 
them. 

a Bones in relation with the ol&ctory capsules. The 

olfactory capsules are of very large size in the 
rabbit, and occupy a great part of the facial por- 
tion of the skull. They are so closely connected 
with the ethmoidal region and with the upper 
aw, that certain of the bones may be referred, 
with equal propriety, to either of these divisions, 
i. The nasals are a pair of elongated membrane- 
bones, forming' the roof of the nasal cavities. 
They unite suturally with the firontals behind, 
and with each other in the median plane. 
i. The ethmo-turbinals are intricately folded laminso 
of bone, fused to the lower surface of the cri- 
briform plate of the ethmoid, and occupying 
the upper and posterior part of each nasal 
cavity, 
iii. The maxillo-turbinals are a pair of somewhat 
. similar, but more delicate and more complex 
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bones, lying in the anterior portion of the 
nasal cavities, in &ont of the ethmo-tnrbinals. 

iv. The naso-tnrbinals are a pair of thin laminsB of 
bone, folded to form pouches, and fused with 
the inner surfaces of the nasal bones. 

Y. The vomers are a pair of slender blade-like bones, 
fased with each other along their ventral 
margins, and embracing the lower edge of 
the mes-ethmoid cartilage. Behind they are 
expanded lateraUy, and connected with the 
ethmo-turbinals. 

b. Bones in relation with the optic capsules. 

The lacrymals are a pair of small lamellar bones 
forming part of the anterior walls of the orbits, 
and loosely wedged in between the frontals 
and maxillae. Each is notched at its outer 
border for the passage of the lacrymal duct, 
which is supported by a process of the bone 
extending forwards into the nose. 

The lacrymals correspond to the most 
anterior of a series of small bones, placed 
round the borders of the orbits in bony fishes. 

c. Bones in relation with the auditory capsules (cf. 
fig. 60, p. 812). 

i. The periotics are the bones which replace the 
cartilaginous capsules enclosing the organs of 
hearing in the embryo. Each ossifies from 
three centres ; but the several bones — pro-otic, 
epiotic, opisthotic — early unite to form an 
irregular mass, which fits loosely into the 
side- wall of the cranium, between the occi- 
pita segment and the squamosal, and which 
readily falls out from the dried skull. 

In each periotic there may be distinguished 
a dense petrous portion, enclosing the essential 
part of the organ of hearing; and a porous 
mastoid portion, which forms its outer and 
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posterior part, and is produced downwards 
into the mastoid process, lying immediately 
in front of the par-occipital process of the ex- 
occipital bone. 

On the inner surface of each periotic, as 
seen in a bisected skull, there are two depres- 
sions. Of these the upper and larger one, 
the fioooular fossa, lodges the floccular lobe of 
the cerebellum. The lower one is divided by a 
ridge of bone into two, of which the anterior 
one is the opening of the aquednctos Fallopii, 
transmitting the facial nerve ; and the posterior 
one is that of the meatus auditorius intemns, 
through which the auditory nerve enters the 
internal ear. 

The anterior border of the periotic is pro- 
duced inwards into a prominent crest of bone 
which projects into the cranial cavity, and, 
together with a similar but smaller ridge on 
the supra-occipital, separates the cerebral and 
cerebellar fosste from each other. 

On the outer surface of the petrous portion 
of the periotic, and seen only after removal of 
the tympanic bone, are two small apertures. 
Of these the anterior and more conspicuous 
one is the fenestra ovalis, in which the stapes 
often remains wedged ; while the posterior 
and more irregular shaped one is the fenestra 
rotunda, which is close to the posterior edge 
of the bone, and overhung by the mastoid 
process. Immediately below the fenestra 
ovalis is a rounded swelling, the promontory, 
within which the cochlea lies, 
ii. The tympanies are a pair of somewhat flask- 
shaped bones, imperfect on their inner sides, 
and closely applied to the outer surfaces of the 
periotics. The expanded body of the flask, 
or bulla, encloses the tympanic cavity ; and 
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the upwardly directed neck, or meatiu audi- 
toriuB extemuB, supports the cartilage of the 
large external ear. Within the bulla, at the 
base of the meatus, is an incomplete bony 
ring, across which the tympanic membrane is 
stretched during life. 

The Eustachian tube leaves the tympanic 
cavity by an aperture at the antero-inferior 
angle of the tympanic bone, between it and the 
periotic ; and passes forwards to the posterior 
nasal chamber (p. 811). 

The bony canal by which the facial nerve 
leaves the skull runs along the posterior 
border of the tympanic, between it and the 
mastoid process of the periotic, and opens 
below at the stylomastoid foramen. 

On the ventral sur&ce of the tympanic 
bone, near its inner border, is a conspicuous 
foramen, through which the internal carotid 
artery enters the skull, 
iii. The auditory ossicles are most conveniently 
examined with the bones of the auditory cap- 
sules, on account of their close connection 
with the organs of hearing ; though, morpho- 
logically, they belong to the mandibular and 
hyoidean arches. 

They form on each side a chain of small 
bones, stretching across the tympanic cavity 
from the tympanic membrane to the fenestra 
ovalis. 

a. The malleus consists of a small body and two 
processes. The larger process, or manu- 
brium, is blade-like, and is attached along 
the greater part of its length to the tym- 
panic membrane, the tip being near the 
centre of the membrane. The shorter pro- 
cess, which is anterior, articulates with a 
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small fossa on the inner surfEMse of the 
tympanic bone. 
ft. The incus is a minute, somewhat pyrifonn 
bone: its head bears in front a saddle- 
shaped articular surfekce for the body of 
the malleus, and is produced behind into 
a short process, which articulates with a 
fossa on the outer sur&ce of the periotic 
bone, just above the fenestra ovalis. 

The narrow end or stalk of the incus 
projects downwards : its tip is bent in- 
wards, and has attached to it a very small 
bony disc, the 08 orbiculare. 
y. The stapes is a very small stirrup-shaped 
bone, articulating by its arch with the os 
orbiculare, and attached by its basal plate to 
the membrane closing the fenestra ovalis. 
The morphological value of the auditory 
ossicles has been much debated, and is not 
yet determined with certainty. The incus 
and malleus are probably developed from the 
cartilage of the mandibular arch ; the incus 
being derived from the uppermost part of the 
arch, and corresponding to the quadrate bone of 
other vertebrates ; while the malleus is formed 
from the part of the arch below the incus. 

The stapes is still more difficult to deter- 
mine ; it is probably developed from the upper- 
most part of the cartilage of the hyoidean arch. 
8. The jaws. The cartilaginous maxillary and mandibular 
arches of the embryo, corresponding to the upper and 
lower jaws of the dog-fish, disappear almost com- 
pletely during development ; the jaws of the adult 
rabbit consisting of membrane-bones developed 
around and in front of these arches. 
a. Bones in relation with the maxillary aroh. These 
are very closely connected with the cranium and 
with the olfactory capsules. 
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i. The pterygoids are a pair of narrow vertical 
plates of bone, attached to the base of the 
skull at the junction of the basi-sphenoid with 
the ali-sphenoids. The posterior border of 
each pterygoid is free, and ends below in the 
curved hamular process, while the anterior 
border unites with the palatine and ali-sphe- 
noid. On the outer side of the pterygoid, 
between it and the external pterygoid process 
of the ali-sphenoid, is the triangular pterygoid 
fossa. 

ii. The palatines are a pair of nearly vertical plates 
of bone, attached above to the ventral border 
of the pre-sphenoid, and behind to the ptery- 
goids and ali-sphenoids, thus completing the 
anterior boundaries of the pterygoid fossae. 
They form the side-walls of the posterior 
narial passage, which they separate from the 
orbits. In front they are produced inwards 
into the horizontal palatal processes, which 
meet each other in the median plane in the 
roof of the mouth, opposite the grinding teeth, 
forming the posterior third of the bridge of 
bone supporting the hard palate. 

iii. The maxilUB are a pair of large irregular bones 
forming a large part of the skeleton of the 
upper jaw and of the face. 

The body, or alveolar portion, of each 
maxilla projects into the front part of the orbit, 
and is excavated by the alveoli or sockets for 
the grinding teeth. Its inner^ surface is covered 
by the palatine behind ; and in front is pro- 
duced inwards into the horizontal palatal 
process, which meets its fellow in the median 
plane, and forms the anterior part of the bony 
bridge supporting the hard palate. 

From the outer side of the body arises the 
stout zygomatic process, which is prolonged 
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upwards into the orbital proeess, forming the 
anterior boundary of the orbit. In front, the 
maxilla is prolonged into the large fenestrated 
fEU^ial plate, which forms the lateral bound- 
ary of the olfactory chamber, and is per> 
f orated just above the first grinding tooth by 
the infraorbital foramen, for the passage of 
the maxillary division of the trigeminal nerve. 
iv. The premaxillcB are a pair of bones, forming the 
anterior part of the upper jaw, and lodging the 
incisor teeth : they articulate with the maxillap 
behind, and with each other in the median 
plane in front. 

The upper and posterior angle of each 
premaxilla is produced backwards into a 
long nasal process, which lies along the outer 
border of the nasal bone, and above the 
maxilla and the anterior process of the frontal. 
On the under surface of the skull, bounded 
laterally by the premaxillsB and maxillsB, 
and behind by the hard palate, is a large tri- 
angular aperture, divided longitudinally into 
the slit-like anterior palatine foramina by 
the palatal processes of the premaxills, a pair 
of thin, longitudinally rolled laminae attached 
in front to the premaxillse, and enclosing the 
accessory organs of smell known as Jacobson's 
organs. 
V. The jugals are a pair of laterally compressed bars 
forming the greater part of the length of the 
zygomatic arches, which bound the orbits 
below. Their anterior ends are fused with 
the zygomatic processes of the maxillse, and 
posteriorly they articulate along their dorsal 
edges with the squamosals. 
b. Bones in relation with the mandibular arch. 

The uppermost part of the mandibular arch 
gives rise to the incus and malleus, which have 
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already been described in connection with the 
auditory capsule (p. 288). 

i. The sqimmosals are a pair of slightly curved 
bony plates, which complete the side-walls 
of the cranial cavity, lying in front of the 
periotics, and articulating with the parietals, 
frontals, orbito-sphenoids, and ali-sphenoids. 
From the hinder border of each squamosal 
a slender post-tympanic process arches back- 
wards over the external auditory meatus, 
lying along the outer surface of the periotic. 

From the outer surface of the squamosal 
arises a stout zygomatic process, which bears 
on its under surface the articular facet for 
the mandible : beyond the facet it bends down- 
wards, to articulate by an expanded end with 
the jugal bone, and so complete the zygomatic 
arch. 

ii. The mandible, or lower jaw, consists of a pair of 
somewhat triangular plates of bone, firmly 
united together in front, and articulating by 
their posterior and upper angles with the 
zygomatic processes of the squamosals. 

The anterior portion of each half or ramus 
is stout ; it lodges an incisor tooth in front, 
and further back, on its upper margin, the 
grinding teeth. The hinder part of the ramus 
is much thinner : its postero-inferior border, 
or angle, is rounded, and inflected along its 
margin ; its posterior border, above the angle, 
is deeply notched : its upper border is thickened 
to form the longitudinally elongated condyle, 
which articulates with the squamosal in such 
a way as to allow free movement of the jaw 
backwards and forwards, but very restricted 
movement from side to side: its anterior 
border is deeply grooved, the outer lip or 
coronoid process being inflected. 
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On the inner surface of each ramus, just 
hehind the grinding teeth, is the inferior 
dental foramen, through which the mandi> 
bular nerve enters to supply the teeth. 

4. The hyoid bone lies in the floor of the hinder part of 

the mouth, between the rami of the mandible. 

It consists of a median body, and two pairs of 
backwardly projecting comna, of which the posterior 
are the larger. 

The anterior comua are the ventral ends of the 
hyoidean arches, the dorsal ends of which are 
probably represented by the stapes: the posterior 
comua are the lower ends, and only persistent parts, 
of the first pair of branchial arches. 

5, Apertures on the surface of the skull. 

After the several bones have been examined, the 
positions of the more important foramina should be 
determined, most of which have already been seen. 
Except when otherwise stated, the several apertures 
are paired. 

a. Foramina for the passage of cranial nerves. 

i. The optic foramen is a large round median hole 
in the orbito-sphenoids : it puts the two 
orbits in communication with the cranial 
cavity and with each other, and transmits the 
optic nerves. 

ii. The foramen lacerum anterius, or sphenoidal 
fissure, is a vertical slit below and behind the 
optic foramen, and between the basi-sphenoid 
andali-sphenoid. Through it the third, fourth, 
and sixth nerves, and the ophthalmic and 
maxillary divisions of the fifth, enter the 
orbit from the cranial cavity. In most mam- 
mals the maxillary division of the fifth nerve 
leaves the skull by a separate aperture, the 
foramen rotundum, which in the rabbit is 
confluent with the sphenoidal fissure. 
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iii. The internal orbital foramen perforates the 
inner wall of the orbit, about a quarter of an 
inch in &ont of the optic foramen, and at the 
anterior end of a groove which curves back 
over the optic foramen towards the sphenoidal 
fissure. Through it the nasal branch of the 
ophthalmic division of the fifth nerve passes 
&om the orbit into the cranial cavity, which 
it enters just behind the lower edge of the 
cribriform plate. 

iv. The infraorbital foramen is on the side of the 
face, in front of the zygomatic process of the 
maxilla : it transmits the infra-orbital branch 
of the maxillary division of the fifth nerve 
from the orbit to the face. 

V. The anterior palatine foramen or foramen in- 
cisivum is a large slit-like aperture, extending 
from the bony bridge of the palate almost to the 
incisor teeth, and imperfectly separated from 
its fellow by the palatal processes of the pre- 
maxillsB. Through it pass the naso-palatine 
branch of the maxillary division of the fifth 
nerve, and the naso-palatine canal. 

vi. The posterior palatine foramen is a small 
hole in the bony palate, at the junction of its 
maxillary and palatine portions : it transmits 
the anterior palatine branch of the maxillary 
division of the fifth nerve, and the blood> 
vessels of the palate. 

vii. The foramen lacerom medium is an irregular 
aperture on the under surface of the skull, 
between the ali-sphenoid and the periotic, just 
in front of the tympanic bulla. Its anterior 
part, which represents the separate foramen 
ovale of other mammals, transmits the man- 
dibular division of the fifth nerve. 
viii. The stylomastoid foramen is a small aperture 
about the middle of the posterior border of 

u 
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the t jmpanio bone, between it and the mastoid 
process of the periotic. Throngh it the main 
trunk of the seventh, or fiuual, nerve leaves 
the skull. 

ix. The fbramen lacemm posterius is an irregular 
fissure on the under surface of the hinder 
end of the skull, between the occipital condyle 
and the tympanic bulla. It transmits the 
glossopharyngeal, pneumogastric, and spinal 
accessory nerves, and the internal jugular vein. 

X. The condylar foramina are a couple of holes 
running obliquely through the ex-occipital, 
just in front of the condyle. They transmit 
the two divisions of the hypoglossal nerve, and 
are best seen through the foramen magnum. 

h. Other important apertures in the skull. 

i. The anterior narial opening is at the anterior 
end of the skull, and is bounded by the nasals 
and the premaxillsd. It is single in the dried 
skull, but divided in the natural condition by 
the vertical cartilaginous septum narium. 

ii. The lacrymal foramen is formed by a deep 
notch in the outer border of the laorymal 
bone, completed in front by the orbital process 
of the maxilla. It leads into the canal along 
which the lacrymal duct runs into the nose. 

iii. The pituitary foramen is a median hole, per- 
forating the floor of the pituitary fossa in the 
centre of the basi-sphenoid : in the natural 
condition it is closed by membrane. 

iv. The carotid foramen perforates the ventral 
surface of the tympanic bone near its in- 
ner border, close to the occipital condyle : 
through it the internal carotid artery enters 
the skull. 

V. The opening of the Eustachian canal is on the 
under surface of the skull, at the anterior and 
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inner angle of the tympanic bone, imme- 
diately behind and to the inner side of the 
foramen lacerom medium: through it the 
Eustachian tube passes from the tympanic 
cavity to the posterior narial chamber. 

vi. The external auditory aperture is the large 
upwardly directed opening of the neck of the 
tympanic bone, round the edge of which the 
cartilage of the external ear is attached. 

vii. The foramen magnum is the large median 
hole at the hinder end of the skull, surrounded 
by the bones of the occipital segment. It is 
traversed by the central nervous system, and 
marks the boundary between the brain and 
the spinal cord. 

6. The teefh. 

The teeth are cutaneous structures, developed 
from the mucous membrane of the mouth. They 
consist of an extremely hard outer layer of enamel, 
which is epidermal in origin ; and a central portion 
of dentine, which is developed from the dermis. The 
dentine is hollow, its cavity containing the pulp of 
the tooth, which receives vessels and nerves through 
the large aperture at its base. Surrounding the 
lower part of the tooth, and filling up the folds of 
its sur£a>ce, is a thin layer of bone, the crusta petrosa 
or cement. 

It is characteristic of the teeth of the rabbit that 
the aperture at the base of each does not become 
constricted, but remains wide open, the teeth con- 
tinuing to grow throughout life; whereas in most 
mammals the base of the tooth sooner or later be- 
comes narrowed to form a root or fetng, the aperture 
becoming almost obhterated, and the growth of the 
tooth ceasing entirely. 

The teeth of the rabbit do not form a continuous 
series as in man, but the front teeth or incisors are 

V 2 
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separated by a great gap or diastema from the group 
of grinding teeth in the hinder part of the mouth. 
The rabbit has no teeth corresponding to the canine 
teeth of other mammals. 

a. The teeth of the upper jaw. 

i. The inclBors are two pairs of teeth at the front 
of the upper jaw, lodged in alveoli in the pre- 
maxillfle. 

a. The anterior incisors are long, and curved 
almost into semicircles, the greater part of 
each being lodged in an alveolus which 
extends almost to the hinder end of the 
bone. Along the anterior surfiEU^e the 
enamel is thick, and folded so as to form 
a longitudinal groove. Behind and at the 
side it is much thinner, and hence wears 
away more rapidly, rendering the cutting 
edge chisel-shaped. 
/3« The posterior incisors, which are lodged in 
alveoli immediately behind the anterior ones, 
are much smaller, and slightly curved. 

ii. The grinding teeth form a set of six teeth on 
each side, borne by the maxilla, and divisible 
into two groups. 

a. The premolars are the three anterior grinders 
of each side, and are distinguished from 
the posterior ones by the fact that, like the 
incisors, they are preceded in early life by 
* milk * or deciduous teeth, which in the 
rabbit are shed before birth. 

Each premolar is flattened from before 
backwards, and each of the two hinder ones 
has a deep groove along its outer sur&ce 
which carries the enamel almost across the 
tooth, giving rise to a prominent ridge on 
the grinding surface. 
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p. The molars are the three posterior grmdera 
on each side ; they differ from the premolars 
in having no deciduous predecessors. The 
first two are similar to the premolars ; the 
last is small and not grooved. 

1>. The teeth of the lower jaw. 

i. The inclBors are two in number, and project for- 
wards from the anterior end of the mandible. 
They are similar to the large upper incisors, but 
are less strongly curved and are not grooved : 
the alveoli in which they are lodged extend 
back in the jaw as far as the anterior grinders. 

ii. The grinding teeth form a set of five on each 
side, placed opposite to those of the upper 
jaw, and like these divisible into two groups. 
They differ from the upper grinders in being 
curved so as to be convex instead of concave 
outwards. 

a. The premolars are the two anterior grinders 
on each side. They are somewhat similar 
to the upper ones, but narrower from side 
to side. The outer surfaice of the first, which 
is the larger of the two, is marked by two 
deep longitudinal grooves, and that of the 
second by a single groove. The inner sur- 
face of each is less deeply grooved than the 
outer. 

/3. The molars are the three hinder grinders on 
each side ; they are similar to tlie second 
premolars, but have no deciduous pre* 
decessors : the posterior one is smaller and 
simpler than the other two. 

n. THE APPENDICULAR SKELETON. 

The appendicular skeleton comprises the bones of the two 
pairs of limbs, and the girdles which support them. The 



294 SKELETON OF THE RABBIT 

bones of the limbs are mostly elongated, and provided with 
epiphyses at their ends. 

A. The Pectoral Girdle. 

This lies outside the ribs, and is attached to the axial 
skeleton by muscles and ligaments only. In the rabbit, as 
in nearly all other mammals, it is very incomplete : the dorsal 
or scapular portion on each side is weU developed, but the 
ventral or coracoid portion is almost entirely absent, being 
represented merely by a small knob of bone fused with the 
scapula : the clavicles also are imperfect. 

i. The scapula is a triangular plate of bone, the 
apex of which is directed downwards and for* 
wards, and is expanded and hollowed on its 
ventral surface to form the shallow glenoid 
cavity, with which the head of the humerus 
articulates. 

Of the three borders, the anterior or 
coracoid border is nearly straight ; the pos- 
terior or glenoid is slightly concave ; and the 
dorsal or suprascapular, which is the shortest 
of the three, is convex and supports the car- 
tilaginous suprascapula. 

The spine is a prominent ridge running 
along the outer surface of the scapula, nearly 
parallel to and a short distance behind the 
coracoid border. It is continued ventrally 
into a free, downwardly directed process, the 
acromion, from the posterior border of which 
the long metacromion projects backwards. 

The coracoid border is continuous below 
with the coracoid process, which overhangs 
the glenoid cavity, and is produced inwards 
into a blunt hook. This is the sole represen- 
tative of the coracoid portion of the pectoral 
girdle, and is a distinct bone in the young 
rabbit. 
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ii. The clavicle is a slender curved membrane-bone, 
rather less than an inch in length, and formed 
by ossification in the ligament rumung from 
the scapula to the sternum. 

Small cartilaginous nodules occur, one at 
the outer and two at the inner end of the 
clavicle. 

B. The Fore-Limb. 

The fore-limb of the rabbit corresponds to the arm of 
man, and may be divided, like this, into arm, forearm, wrist 
and hand. The relative positions of these several divisions 
are considerably altered from the primitive condition, and are 
best understood by comparing them with the human arm in 
the following manner. 

Extend the right arm horizontally outwards from the 
shoulder, with the palm of the hand vertical and the thumb 
upwards : there may now be distinguished a ventral or flexor 
surface ; a dorsal or extensor surfebce ; a preaxial border, along 
which are the thumb and the radius ; and a postazial border, 
along which are the little finger and the ulna. 

Next bend the elbow nearly at right angles, so that the 
fingers point horizontally forwards, and bring the whole arm 
down to the side, rotating it through 90°, so that the preaxial 
border becomes external and the postaxial border internal. 
Now pronate the hand, turning it through 180°, so that the 
thumb is brought to the inner side, and the palm directed 
downwards. Place the rabbit's skeleton in front of you, with 
the vertebral column vertical, the head directed upwards, and 
the limbs pointing away from you, and the right fore-limb 
will correspond in position to your own right arm. Note that 
the preaxial border is on the outer side in the arm, and on 
the inner side in the hand, while in the forearm the two bones 
cross each other obliquely. The hand in the rabbit is fixed 
permanently in the prone position. 

1. The arm contains only a single bone. 

i. The humerus is an elongated bone, articulating 
by its enlarged proximal head with the glenoid 
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cavity of the scapula, and at its distal end, hj 
the trochlea, with the bones of the forearm. 

At the proximal end of the bone, in front 
of the head, is the longitudinal bicipital 
groove, for the tendon of the biceps muscle : 
this is bounded on its inner side by the lesser 
tuberosity ; and on its outer side by the greater 
tuberosity, a large roughened projection con- 
tinued as a ridge down the anterior surface of 
the bone as far as its middle. 

The trochlea at the distal end of the bone 
is an oblique pulley-like surface, divided in 
front by a ridge, and articulating with the 
radius and ulna to form the elbow-joint. 
Immediately above the trochlea, in front and 
behind, are the supra-troohlear fossss, which 
communicate with each other through the 
supra-trochlear foramen: the posterior or 
olecranon fossa is much the larger of the two, 
and lodges the olecranon process of the ulna 
when the arm is extended. 

2. The forearm contains two bones, of about equal size, 
immovably articulated, though not ankylosed, with 
each other. 

i. The radius, or preaxial bone, lies in front of 
the ulna at the proximal end of the forearm, 
but in the distal half lies along its inner or 
preaxial side. 

It is an elongated bone, slightly convex 
forwards. Its proximal end or head articulates 
with both grooves of the trochlea of the 
humerus, and also with the anterior surfEbce 
of the ulna : its distal and larger end articu- 
lates with the bones of the wrist. 

ii. The ulna, or postaxial bone of the forearm, has 
a greatly enlarged proximal end, on the 
anterior surfiEkce of which is the sigmoid notch 
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for articulation with the trochlea, and also 
two small articular surfaces for the radius^ 
Behind the elbow-joint, the bone forms the 
large, laterally compressed oleoranon prooess. 
The distal end of the ulna is small, and articu- 
lates with the carpus. 

8. The wrist In the rabbit the wrist or carpus consists 
of nine small bones, of which one, the pisiform, is 
commonly regarded as a sesamoid bone or ossifica- 
tion in the tendon of a muscle, but by some anato- 
mists is considered to be a rudiment of a sixth digit. 
The arrangement of the remaining eight can only 
be understood by comparison with more primitive 
types. 

The typical carpus consists of nine bones, arranged 
in a proximal row of three, articulating with the 
radius and ulna ; a distal row of five, each of which 
supports one of the digits ; and a central bone wedged 
in between the proximal and distal rows. In the 
rabbit the arrangement is as follows. 

a. The proximal row of oarpals consists of the three 
typical bones. 

i. The radiale, or scaphoid, is placed on the inner or 
preaxial side, and articulates with the radius. 

ii. The intermedium, or semilunar, is the middle 
bone of the three, and articulates with the 
radius. 

iii. The ulnare, or cuneiform, is the outer or post- 
axial bone of the proximal row, and articu- 
lates with the ulna. 

I. The central bone. 

i. The centrale is a small bone, articulating with 
the distal surfsu^s of the intermedium and 
radiale, and appearing to belong to the distal 
row of carpals. 
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c. The diftal row of carpala consists of four bones, 

the two ontermost of the typical carpus having 
fdsed to form a single bone. 

i. The first oarpale, or trapeaum, is on the inner or 
preaxial side of the wrist ; it articulates with 
the radiale, and supports the first metacarpal. 

ii. The second carpale, or trapezoid, articulates 
with the radiale and centrale, and supports 
the second metacarpal. 

iii. The third carpale, or os magnum, is very small : 
it articulates with the intermedium and cen- 
trale, and supports the third metacarpal. 

iv. The fourth and fifth carpalia are fused to form 
the uncifiirm bone, which is much larger : it 
articulates with the ulnare, and supports the 
fourth and fifth metacarpals. 

d. The pisiform is a small bone on the posterior 

or fiexor surface of the carpus, and articulates 
with the distal end of the ulna and with the 
ulnare. 

4. The hand of the rabbit has five digits, as in man : 
the bones of each consist of a proximal metacarpal, 
followed by the phalanges, the last of which is 
conical and slightly curved, and supports the claw. 

The poUez, or preaxial digit, corresponding to 
the thumb in man, is much shorter than the others, 
and has only two phalanges, while each of the other 
digits has three. 

Sesamoid bones are developed in the tendons of 
the flexor muscles, opposite the metacarpo-phalangeal 
and certain other articulations. 

C. The Pelvic Girdle. 

The pelvic girdle, which supports the hind-limb, consists of 
two halves, which, though primitively nearly at right angles 
to the vertebral column, are in the adult rabbit almost parallel 
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to it. They are firmly united to the sacrum in front, and with 
each other in the ventral symphjrnB behind. 

Each half, or os ixmominatnm, consists of three bones — 
ilinm, iflohinm, and pubes — and presents aboat the middle of 
its onter surface a deep cup-shaped acetabular cavity for the 
femur, in the formation of which all the three bones take part, 
i. The ilium is the anterior and dorsal member 
of the girdle, corresponding to the scapula in 
the pectoral girdle. It is expanded and blade- 
like in front, and narrowed behind. On its 
inner or sacral surface, a little way in front 
of the acetabulum, is a roughened crescentio 
surfBbce for articulation with the sacrum ; 
while its outer surface is divided by a longi- 
tudinal ridge into ventral or iliac, and dorsal 
or gluteal fosssB. The ilium forms about 
half of the acetabulum, the lines of boundary 
between it and the ischium and pubes being 
easily seen in the young skeleton, 
ii. The ischium forms the posterior and dorsal 
portion of the os innominatum, and is sepa- 
rated from the pubes by the large oval 
obturator foramen. It forms about a third 
of the acetabulum, behind which it bears 
on its inner surface the sharp, backwardly 
directed ischial spine. Its posterior part is 
flattened, the margin being thickened to form 
the ischial tuberosity, which is raised on its 
outer surface into a prominent hooked pro- 
cess. The ischium corresponds to the coracoid 
in the shoulder-girdle, 
iii. The pubes is the smallest bone of the three. 
Its acetabular portion ossifies separately in 
the rabbit, and remains throughout hfe as a 
small cotyloid bone, completing the margin 
of the acetabulum below. The pubes unites 
along its ventral border with its fellow of the 
opposite side to form the anterior part of the 
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symphysis, the hinder portion of which is 
formed by the ischium: the line of union 
between these two bones is visible only in 
very young skeletons. 

D. The Hind-Limb. 

The hind-limb is much larger than the fore-limb, and like 
this is divisible into four main portions. 

In the hind-limb the departure from the primitive condition 
is much less marked than in the fore-limb. The whole limb 
has rotated forwards through about a right angle, so that the 
preaxial border is directed inwards, and the postaxial out- 
wards ; the original dorsal surface being turned forwards, and 
the ventral surface backwards. 

1. The thigh, hke the arm, contains a single bone, the 
femur. Certain sesamoid bones in connection with 
the knee-joint may be considered with it. 

i. The femur is an elongated bone, consisting of 
a cylindrical shaft and two enlarged ex- 
tremities. 

The proximal end bears on its inner or 
preaxial side the prominent rounded head, 
which articulates with the acetabulum to 
form the hip-joint. To the outer side of the 
head, and forming the end of the bone, is a 
large rough process, the great trochanter : 
between this and the head, on the posterior 
surface of the bone, is a deep pit, the trochan- 
teric or digital fossa. 

On the inner or preaxial side of the bone, 
immediately below the head, is a rough ridge, 
the lesser trochanter ; opposite to which on 
the outer or postaxial side is the prominent 
third trochanter. 

The lower or distal end of the bone bears 
two large condyles which articulate with the 
tibia. These are separated from each other 
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by the intercondylar notch, which is con- 
tinaoos with a deep groove on the front of 
the bone, along which the patella slides. 

ii. The patella, or knee-pan, is a large sesamoid 
bone in the tendon of the extensor muscles of 
the leg. It is connected by hgaments with 
the tibia, and slides in the groove on the lower 
end of the femur. 

At the back of the knee-joint are smaller 
sesamoids, the fabell®. 

2. The leg contains two bones, which are very unequal in 
size, and in the adult are fused together distally. 

i. The tibia, or preaxial bone of the leg, is a stout 
and straight bone, the longest in the body. 
Its enlarged proximal end, which is triangular 
in section, bears on its upper surfeMse two oval 
surfaces for articulation with the condyles of 
the femur. Below the head is the prominent 
cnemial crest, extending some distance down 
the anterior surface of the bone. 

The distal end of the tibia, which is indis- 
tinguishably fused with the lower end of the 
fibula, bears an articular surface for the 
astragalus. 

ii. The fibula, or postaxial bone, is very slender : 
its proximal end is distinct, and articulates 
with a fekcet on the outer surface of the head 
of the tibia. 

Its distal portion is completely fused with 
the tibia, and bears at its end an articular 
surface for the calcaneum. 

8. The tarsus consists, in the rabbit, of six bones, arranged, 
like the bones of the wrist, in a proximal and a distal 
row, with a central bone between them. The typical 
tarsus exactly corresponds to the typical carpus in 
number and arrangement of bones. 
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a. The proximal row of tarsals consists of two bones* 
i. The astragalus, which probably corresponds to 

the tibiale and intermedium of the typical 
tarsus fdsed together, is placed on the inner 
or preaxial side of the tarsus: it articulates by 
a prominent pulley-like surfftce with the distal 
end of the tibia, 
ii. The caloaneum, or fibulare, is the largest bone 
of the tarsus : it lies along the outer side of 
the astragalus, articulating with the fibula, 
and is produced backwards into the large 
calcaneal process or heeL 

b. The central bone. 

i. The navicular, or centrale, is placed immedi- 
ately in front of the astragalus. It sends 
forwards a large process along the ventral 
surfiEbce of the foot. 

c. The distal row of tarsals consists of three bones, the 

innermost or preaxial bone of the typical tarsus 
being absent, together with the digit which it 
supports, though probably represented by the 
process at the proximal end of the second meta- 
tarsal; while the two outer tarsalia, like the 
corresponding carpalia, fuse together. 

i. The meso-cuneiform, or second tarsale, is very 
small : it articulates with the navicular, and 
supports the second metatarsal. 

ii. The ecto-cuneiform, or third tarsale, lies to the 
outer side of the meso-cuneiform. It arti- 
culates with the navicular, and supports the 
third metatarsal. 

iii. The cuboid, formed by the fusion of the fourth 
and fifth tarsalia, is a much larger bone, on 
the outer side of the foot : it articulates with 
the calcaneum and navicular, and supports 
the fourth and fifth metatarsals. 
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4. The foot of the rabbit has only four toes, the preaxial 
digit of the typical foot, corresponding to the great 
toe in man, having almost completely disappeared. 

Each of the fomr digits consists of a long meta- 
tarsal bone, followed by three phalanges, the last of 
which bears a claw. 

The second (apparent first) metatarsal has at its 
proximal end a backwardly directed process, which 
articulates with the navicular : this is a distinct bone 
in the young rabbit, and probably represents the ento- 
cuneiform and the metatarsal of the lost first toe or 
hallux. 
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Chapter XIII. 
DISSECTION OF THE RABBIT. 

The rabbit may be taken as a type of the Mammalia ; and 
the following points should be noted as oharacteristio of the 
great majority of the members of the group. 

The distinguishing features of the skeleton have been 
noted in the preceding chapter. 

Externally, the body is covered with hair: the urino- 
genital and anal apertures are distinct from each other : and 
there are large external ears. 

As regards the viscera: — Mammary glands are present, 
opening to the exterior on teats placed on the ventral surfiEtce 
of the body. The heart has four chambers : there is a single 
aortic arch in the adult, formed from the fourth left arch of 
the embryo : the blood is hot, and the red corpuscles non- 
nucleated. There is a complete diaphragm ; and the lungs, 
which are not attached to the ribs, are completely surrounded 
by pleurae. The ureters open directly into the bladder. In 
the brain there is a corpus callosum, connecting the hemi- 
spheres ; and corpora quadrigemina in place of corpora bige- 
mina or optic lobes. The cochlea is coiled spirally. 

The ova are extremely small, and are retained within the 
uterus during almost the whole period of their development. 
The embryo receives a constant supply of nutriment direct 
from the mother by means of the placenta, a structure in 
which the blood-vessels of the embryo and of the mother are 
brought into very close relation, so that diffusion can readily 
take place from one to the other. 

In the following account the several systems are described 
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one by one, in order that each naay be studied in its entirety 
as fieur as practicable, and the mutual relations of its several 
parts demonstrated. This method is the best, and should be 
followed whenever possible. If, however, it is intended to 
perform the whole dissection on a single rabbit, it will be 
found advisable to somewhat modify the order of proceeding. 

For dissection^ rabbits should be taken that a/re not less 
than six months old, or the reproductive organs will not be fully 
developed. They may be killed by pouring a few drops of 
solution of cyanide of potassium into the mouth, or else • by 
chloroform, or by drowning. 

The brain should be removed at once and put into strong 
spirit, {See p, 860.) 

I. EXTERNAL CHARACTERS. 

The whole body is covered with hairs, of variable colour ; 
and is obviously divided into head, neck, trunk, a short taiU 
and two pairs of limbs. 

A. The Head. 

Note the general form of the head. Determine the position 
of the mandible, the zygomatic arches, the supra-orbital pro- 
cesses of the frontals, and other parts of the skull, by feeling 
through the skin, 

1. The mouth is a small transverse aperture on the under 

surflEtce of the front of the head, bounded by the soft 
hairy lips. The upper lip is divided by a median 
cleft, which connects the mouth with the nostrils, 
and leaves the upper incisors exposed. 

2. The nostrils are a pair of obUque slits at the end of the 

hairy snout. 
8. The eyes are large, and placed at the sides of the head. 
Each eye is protected by an upper and a lower eye- 
lid, fringed with scanty eyelashes; and by a third 
eyelid, or nictitating membrane, a hairless fold of 
opaque white skin, which lies within the other eye- 
lids, and can be pulled across the eyeball from the 
anterior angle or canthus. 

X 
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4. The yibrissflB or whiskers are long, stiff, tactile hairs, at 

the sides of the snout, and above and below the eyes. 

5. The external ears or pinnsB are of great size and freely 

movable. Each is folded longitudinally, and is sup- 
ported by cartilage at its base, where it surrounds 
the external auditory aperture. 

B. TheTnmk. 

This is divided into an anterior portion or thorax, stiffened 
laterally by the ribs ; and a posterior part or abdomen. 

Feel through the skin, and determine the positions of the 
vertebral column and ribs. 

1. The anus is a small median aperture beneath the base 

of the tail. 

2. The perinflBal pouches are a pair of hairless depressions 

of the skin, in front of and at the sides of the anus : 
into them open the ducts of the perinssal glands, the 
secretion of which has the strong smell characteristic 
of the rabbit. 
S. The urino-genital aperture is situated in both sexes just 
in front of the anus. 

a. In the male the aperture is placed at the end of the 

long cylindrical penis, which can be retracted 
within a loose sheath of skin, the prepuce. 

b. In the female the opening, or vulva, is slit-like and 

larger than in the male; and its anterior margin 
is produced into a small fleshy process, the 
clitoris, which corresponds to the penis in the 
male. 

4. [The scrotal sacs, found in the male only, are a pair of 
prominent oval pouches of skin, at the sides of the 
penis, into which the testes descend.] 

^. [The teats or mammas of the female are four or five pairs 
of small papillas, perforated by the openings of the 
ducts of the mammary or milk-glands. They are 
arranged at intervals along the ventral surface of 
the thorax and abdomen; the most anterior pair 
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being about two and a half inches apart and an inoh 
behind the elbow, and the hindmost pair opposite the 
thighs and rather more than an inch apart.] 

C. The Limbs. 

1. The fore-limbs, as far as the elbows, are closely applied 

to the sides of the thorax, and hidden by the skin of 
the trunk. The several bones of the shoulder-girdle 
and limb, which have already been studied on the 
skeleton, can be readily identified by feeling them 
through the skin. The palmar sur&ce of the paw 
is hairy: the innermost digit or pollex is shorter 
than the others, not reaching the ground. All the 
digits bear claws. 

2. The hind-limbs are much longer than the fore-limbs. 

The pelvic girdle and the several bones of the limb 
can be felt through the skin. In the foot the inner- 
most digit or hallux is absent, and the remaining 
four are long and clawed. The plantar surface or 
sole of the foot is hairy. 

IL DISSECTION OP THE BUCCAL CAVITY. 

Bemove the skin from the head and neck. Lay the rabbit 
on its right side : insert one blade of the scissors into its mouth, 
and cut back through the cheek on the left side between the 
upper and lower teeth : continue the cut backwards across the 
jaw with bone forceps and scissors : turn the left ramus of the 
lower jaw down, breaking the two rami loose at the symphysis, 
30 as to expose the buccal cavity fully ; and wash freely. 

1. The roof of the mouth. 

a. The palate, or median part of the roof, is long and 
narrow, and separates the buccal from the nasal 
cavity. Its anterior half, the hard palate, is 
raised into hard, transverse ridges, against 
which the tongue works : the posterior half, or 
the soft palate, is smooth and soft, and ends 
behind in a free notched border, nearly opposite 
the angle of the jaw. 

x2 
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1). The npper teeth, comprising the inciflors at the 
front of the palate, and the grinders at the sides 
opposite the junction of hard and soft palates, 
have abeady been described (p. 292)« 

€. The naso-palatine canals, which connect the nasal 
and buccal cavities, open in a pair of grooves 
running backwards from the small posterior in- 
cisors, and about an eighth of an inch behind 
these. 

d. The tonsib are a pair of small pits at the sides of 
the posterior part of the soft palate, near its 
hinder border. The outer wall of each is much 
thickened, forming a papilla which nearly closes 
the opening. 

12. The floor of the month. 

a. Ibe tongue is an elongated muscular mass, attached 
along the greater part of its length to the floor 
of the mouth, and produced in front into a free 
flattened tip. 

The surfEbce of its hinder part is hard and 
slightly elevated; that of the anterior part is 
softer and dotted over with small white taste 

Fio. 59. — Lepoa onnionliu. — ^Diagrammatio view from the left side. The 
head and vertebral column are represented in longitudinal section ; 
the lungs, the left half of the liver, the stomach, the greater part of 
the intestine, and the brain and spinal cord have been remov^, and 
the loop of Uie duodenum spread out. (▲. m. m.) 

A, tongao. AN, luiiu. B, bladder. BO, bMi-oooipital. BGk bad- 
sphenoid. Ct liTer. CA, carotid artery. D, diaphragm. DA, aorta. S, 
^Qodennm. BT, ethmo-tarblnal. SU, aperture of Baatachlan tabe. I*, pan- 
creas. VWt floocnlar fossa. G, gall-bl adder . H. bile-dact. HV, opening of 
hepatic rein into posterior Tena cava. IV, posterior rena cara. X organ of 
Jaoobson. JV, left eztemaljoffular rein. K, kidnev, tamed up. la, larynx, 
l>i8eoted. IiA, left auricle. IiO, sublingual gland. IjV, left Tentride. Ii 7, 
seyenth lumbar Tertebra. M. manubrium ttenil, with the sternal portlim of the 
^t rib. MA, anterior mesenteric artery. MQ*, submaxillary gland. MT, 
maxillo-tnrbinal. N, posterior nasal chamber. O, optic foramen, f, hard palate. 
PA, spermatic artery. PD, pancreatic duct. PQ-, perineal gland. Plf, 
penis. PS, pre-^henoid. P v , portal vein. Q, oesophagus. H, hinder part 
of the rectum. IIG, rectal gland. S, uterus mascullnus. 8 A, left subdarfaa 
artery. SB, s upra renal body, displaced. 8 V, left anterior rena oara. TST, 
right tonsil. TB, trachea. T 1, first thoracic Tertebra. T IS, twelfth 
thoracic Tertebra. U, ureter. V, testis. W, epididymis. Z, vas deferent. 
7, prostate. Z, pelTio symphysis. 
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papillflB, which are especially numerous at and 
under the tip. 

At the sides of the tongue, opposite the last 

.molar teeth, are a pair of oval patches, the 

papillsB foliatsD, the sur&ces of which are crossed 

obliquely by close-set parallel ridges, in which are 

imbedded numerous taste-bulbs. 

About a quarter of an inch above and behind 
the papillsB foliatsa are a pair of circumvallate 
papillsB, which are small and white, and sur- 
rounded by circular grooves. 

b. The lower teeth, already described with the skeleton 
(p. 298), are placed opposite the corresponding 
teeth of the upper jaw, and bite against them. 

8. The sides of the mouth are smooth and soft, with the 
exception of a hairy patch on each side, between the 
iQcisor and molar teeth. 

4. The pharynx is a continuation backwards of the buccal 
cavity, beyond the margin of the soft palate. The 
mouth and the posterior narial chamber open into 
it in front ; posteriorly it is continued back into the 
oesophagus ; and ventrally it communicates through 
the glottis and trachea with the lungs. 

To expose the pharynx, extend the cut backwards about an 
inch beyond the tongue. 

a. The glottis is a large opening in the floor of the 

pharynx, a short way behind the tongue, leading 
into the trachea, or windpipe. 

b. The epiglottis is a thin, bilobed, cartilaginous flap, 

forming the anterior boundary of the glottis, and 
projecting into the pharynx behind the tongue, 
opposite the free edge of the soft palate. During 
the act of swallowing it folds back over the glottis* 
and closes its entrance. 

6. The posterior nasal chamber lies above the soft palate» 
which separates it from the buccal cavity. 
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Lay open the nasal chamber by slitting up the soft palate 
in the median line, from behind forwards. 

a. The orifices of the Enstaohiaa tubes are a pair of 

oval apertures at the sides of the roof of the 
chamber, about the middle of its length. 

The Eustachian tubes connect the tympanic 
cavities with the posterior nasal chamber. The 
tympano-Eustachian passage is the modified 
hyo-mandibular cleft of the embryo, corres- 
ponding to the spiracle of the dog-fish. Its con- 
nection with the ear is of a purely secondary 
character, and it forms no part of the essentisd 
organ of hearing. 

Pa^s a seeker ba/ikwa/rds and outwards, along one of the 
Eustachian tubes, into the tympanic cavity. 

b. The org^ans of Jacobson are a pair of tubular bodies 

enclosed in cartilage, and lying in the floor of 
the anterior part of the nasal cavity. Each com- 
municates in front with the mouth by the naso 
palatine canal, and with the nostril by a more 
dorsally placed opening. 

Cut away with bone-forceps the left side of the nasal 
chamber, so as to lay open the cavity completely. Remove the 
mesethmoid cartilage, and note the arrangement of the tur- 
binal bones, and the relations of Jacobsoh's organs. 

6. The salivary glands are large and paired. 

Dissect from the left side. 

a. The parotid gland, the largest of the salivary 
glands, is a soft pinkish mass lying in front of 
and below the external auditory meatus, between 
this and the hinder edge of the mandible. 

The duct of the parotid, or Stenonian duett 
leaves the gland at its anterior border, and runs 
forwards just beneath the skin, parallel to and 
about a quarter of an inch below the zygomatic 
arch. It opens into the mouth by a small aper- 
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Fio. 60. lapni enniiinlof.— Diagrammatic section aoross the head 
to show the relatione of the internal ear, tympanic cavity and membrane 
and the auditory oBaicles. The aection is drawn as seen from the front, 
and is taken along a line joining the reference letters 80 aad MS in fig. 
68, p. 276. The eitemal ears are cut short cIobb to their boaee, and the 
floocolar lobes of the cerebellum, which lie between the three Bemiciroolar 
canals on each side, are omitted entirely, {i.. u, h.) 

B,bao(slo>vlC7. BO, bui-occip!ta1. 0.«Kbl». C A. right utenul ouotld 
iirter;. CB. oerFbellam, B. eittm&l ear or plDoa. BU. eiterntl udltorj 
DiMlOB. BT, Bustseliliui tnbr. H, body of tho hjoid, Li, ri«ht llngnd 
■rtery. M, milleiin; to lU Innsriddeiirr seen the liicni ind rt«pe». Uir,mui. 
dihle. MO. mednlls ohlongnta, N, ]>ost«rlor nani ctaunber. P, Hit piiUt*. 
PO, piilotfo. a, port-tympanio pmcem of sqnaniDKl, BO. interior T«rtlo«l 
■emlclrcpJikicBiiftJ, SO.aDpn-ocHplta], T, tyii>pai^<^ hooe. TO, trmpwila oaTltr. 
TH, tjnipuiJo manbnne. 
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ture on the inner side of the cheek, opposite the 
second npper premolar tooth. 

h. The infra-orbital gland is an irregular lobulated 
mass, about three-quarters of an inch long, lying 
below and in front of the eye, partly above the 
zygomatic arch and partly hidden by it. 

The duct runs downwards to open into the 
mouth, close to the Stenonian duct. 

€. The submaxillary gland is a compact, reddish, 
ovoidal mass, lying close to its fellow between 
the angles of the mandible, and in front of the 
larynx. 

The duct, Wharton*8 duct, leaves the outer 
side of the gland near its hinder end, and runs 
forwards along the inner side of the jaw to open 
into the floor of the mouth, midway between the 
lower incisors and the root of the tongue, the 
openings of the ducts of the two sides being about 
an eighth of an inch apart. 

Dissect from the ventral surface. To follow the duct into 
the mouth, turn tlie halves of the lower jaw aside. 

d. The sublingual gland is an elongated, flattened, 
reddish body, about three-quarters of an inch 
long, lying sdong the inner side of the ramus of 
the mandible, between this and Wharton's duct. 
The ducts open separately on the floor of the 
mouth. 

III. THE ABDOMINAL VISCERA. 

Remove the skin from the trunk and limbs. Lay the 
rabbit on its bach, and fasten it down to the dissecting -board 
iy pins through the limbs. 

[A. The mammary glands in the female lie immediately 
beneath the skin. They are yellowish, fatty-looking, dendri- 
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form masses, coyering the ventral surface of the whole length 
of the thorax and abdomen ; their daots may be readily traced, 
converging to the teats.] 

B. The Abdominal Viscera in sita. 

Open the abdominal cavity by a median incision through 
its ventral wall, from the hinder end of the sternum to the 
pubic symphysis, taking care not to injure the viscera. From 
the anterior end of the incision cut outwards for about two 
inches on each side, just behind the ribs, and pin out the flaps 
right and left. Note the positions of the following viscera, 
without disturbing them in any wa/y. 

1. The liver is a large dark-red body at the anterior end of 

the abdomin^ cavity, extending farther back on the 
left side than on the right. 

2. The stomach lies immediately behind the liver and is 

partially covered by it : its sur&ce is smooth and of 
a bluish white colour. 

8. The duodenum is a narrow pinkish tube, a small part of 
which is seen to the right of the stomach. 

4. The small intestine is a long, narrow, much convoluted 

tube, part of which is seen at the left side of the 
abdominal cavity, behind the liver. 

5. The csBCum is a very wide tube, of a dark colour, coiled 

on itself and marked by a spiral constriction. In the 
natural position of the parts it covers almost all the 
other viscera behind the stomach. On the right 
side the csBcum ends in the pale fleshy vermiform 
appendix. 

6. The colon is a wide tube, with markedly sacculated walls, 

running obliquely across the abdomen between the 
folds of the csBcum. 

7. The rectum is a white tube, dilated at intervals by the 

faBcal pellets : small parts of it are seen to the 
right of the stomach, and at the hinder end of the 
abdomen. 
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8. The bladder is a thin- walled sac at the posterior end of 

the abdomen, just in front of the pabic symphysis. 

Twm the alimentary canal aside, without cutting or tearing 
anything, to expose the folUming parts. 

9. The spleen is an elongated dark-red body lying behind 

the stomach, and attached to its left or cardiac end. 

10. The kidneys are a pair of compact ovoid bodies attached 

to the dorsal wall of the abdomen ; the right one 
being immediately behind the liver, and the left one 
aboat an inch and a half farther back. In front of 
each kidney is a small, round, yellow adrenal body. 

11. The diaphragm is a muscular partition forming the 

anterior wall of the abdomen, and separating it from 
the thorax. To see it the liver should be pressed 
back. 

12. The peritoneum is a glistening membrane which linea 

the abdominal cavity. The mesentery is a double 
layer of peritoneum, reflected from the dorsal wall 
of the abdomen, which supports and encloses at its 
margin the alimentary canal : between its two layera 
the vessels and nerves pass to and from the various 
organs. The omentum is a special fold of perito- 
neum, extending backwards from the stomach and 
loaded with fat. 

18. The coaliac ganglia are a pair of closely apposed 
pinkish bodies situated in the mesentery, near its 
dorsal margin and opposite the right adrenal body. 
They receive right and left splanchnic nerves from 
the main sympathetic trunks of the thorax, and send 
numerous branches to the alimentary canal. 

IV. DISSECTION OF THE DIGESTIVE SYSTEM. 

In this section the abdominal portion of the digestivo 
system will alone be considered : the buccal cavity and pharynx 
have already been dissected ; and the oesophagus will be de- 
scribed with the neck and thorax. 
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A. External Characters of the Digestive System. 

1. The stomach. 

Expose the stomach fully, by turning the liver forwards , 
and the intestine over to the animaVs left. 

The 8tomach is much dilated at its left or cardiac 
end; narrower towards the right or pyloric end; 
and markedly curved, the concavity being directed 
forwards. Near the left end of its anterior border is 
the cardia, or opening of the cesophagns ; and from 
the thick-walled pyloric end a small aperture, the 
pylorus, leads to the duodenum. 

2. The duedenum, or first portion of the intestine, runs 

from the pylorus along the right side of the ab- 
dominal cavity almost to its hinder end : it then 
turns back on itself, forming a (J -shaped loop. In 
the mesentery connecting the two limbs of the loop 
are the large duodenal vessels. 

8. The pancreas. 

Turn the duodenal loop over to the left side without 
injuring the mesentery, and spread it out over the other 
viscera. 

The pancreas is a diffuse fat-like gland of a 
pinkish colour, scattered in the mesentery of the 
duodenal loop. It lies mainly around the large 
vessels of the loop, and is more compact at its 
anterior end. 

The pancreatic duct commences in front, and 
runs backwards through the gland, receiving smaller 
ducts from its several lobes ; it opens into the inner 
side of the distal limb of the duodenal loop, about 
three inches beyond the bend. 

Open the duodenum, opposite to the entrance of the pan- 
creatic duct; washout the contents ; note the aperture of the 
dud, and insert a bristle into it. 

4. The liver is a large solid organ, thick in the middle and 
thinning towards the edges. Its anterior surface is 
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convex and fits against the diaphragm, to which it is 
attached by a median vertical fold of peritoneum, 
the suspensory ligament : its posterior surface is 
concave, and lies against the stomach. 

a. The lobes of the liver. 

i. The left central lobe lies against the left half of 
the diaphragm. 

ii. The left lateral lobe lies between the left cen- 
tral lobe and the stomach, to the cardiac end 
of which it is applied. It is the largest of the 
lobes, and is partially subdivided. 

iii. The Spigelian lobe fits into the concave anterior 
border of the stomach, and is much the smallest 
of the lobes. 

iv. The right central lobe lies against the right 
half of the diaphragm, and is grooved on its 
posterior surface for the gall-bladder. 

V. The caudate lobe lies along the right side and 
dorsal surface of the pyloric end of the 
stomach. Its posterior margin is hollowed 
to fit the right kidney : its inner and anterior 
border is connected by a bridge of liver-tissue 
with the Spigelian lobe. 

b. The gall-bladder is an elongated thin-walled sac, 

rather less than an inch in length, of a dark 
green or brown colour, and lying in the groove 
in the posterior surfeu^e of the right central lobe 
of the liver. 

0. The bile-duct is a narrow tube, about two inches 
long, running backwards from the smaller and 
dorsal end of the gall-bladder to open into the 
dorsal surface of the duodenum, about a third of 
an inch beyond the pylorus. It receives ducts 
from the several lobes of the liver, and lies in the 
mesentery immediately to the right of the large 
portal vein. 
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Open the duodenum opposite to the opening of the bile-duct; 
wash out its contents ; find the aperture of the duct on a small 
papilla, and insert a fine seeker or bristle into it. 

The bile-duct is most readily traced from the duodenv/m 
forwards, and may with advantage be first injected with plaster 
of Paris from a point about half an inch from the duodenum. 

Cut through the mesentery of the small and large intestines, 
leaving the duodenal hop and its mesentery untouched ; lay 
out the alimentary canal on the dissecting -board, so as to show 
the relations and proportions of its several parts. Take care 
not to damage the splanchnic ganglia. Avoid all unnecessary 
injury to the blood-vessels, and ligature any that bleed. 

5. The small inteitme, which is directly continuoas with 

the duodenum, is about seven or eight feet in length, 
and of uniform diameter throughout. 

a. Payer's patches are slightly thickened oval spots, 

granular in appearance, and about a third of an 
inch in diameter, which occur at intervals along 
the whole length of the small intestine, on the 
side opposite to the attachment of the mesentery. 

b. The sacculus rotundas is the dilated distal end of 

the small intestine, opening into the side of the 
csBcum about an inch from its proximal end. Its 
walls have the structure of Peyer's patches. 

6. The csBCum and vermiform appendix. 

The cfficum is a large thin- walled diverticulum of 
the alimentary canal, at the junction of the small in- 
testine and colon. It is about twenty inches long and 
an inch or more in diameter, and is marked externally 
by a spiral constriction which runs twenty to thirty 
times round it. The small intestine opens into the 
side of the csBCum about an inch from its proximal 
end ; a large Peyer's patch in the wall of the cacum 
being continuous with the sacculus rotundus. 

Proximally, the caecum passes directly into the 
colon, while distall}* it ends blindly in the thick- 
walled finger-like vermiform appendix. This latter 
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is about fouf inches long, and its walls resemble 
Peyer's patches in appearance and structure. 

In the rabbit the csBcum is of enormous size, as 
in most herbivorous mammals with simple stomachs. 
7. The colon is about a foot and a half in length. The 
first part of it is very markedly sacculated, the 
sacculations lying in three longitudinal rows, 
separated by smooth areas of unequal width. 
Towards the rectum the walls become smooth. 
The rectum or terminal portion of the intestiae is a 
narrow tube, about two and a half feet in length, 
pale in colour, and presenting a moniliform appear- 
ance, owing to the contained fsBcal pellets. At its 
hinder end it passes through the pelvic cavity to 
terminate at the anus. 

B. Internal Structure of the Alimentary CanaL 
The stomach. 

Bemove the stomach from the body, cutting across the 
oesophagus and duodenum close to it, and taking care not to 
injure the vessels of the liver. Slit up the stomach aiong its 
posterior surface : wash, and examine it under water. 

The wall of the stomach consists of an outer 
peritoneal investment ; a middle muscular layer, 
thickened at the pyloric end ; and an inner layer of 
mucous membrane, which is raised into irregular 
longitudinal folds. The pyloric orifice is narrowed 
by a prominent muscular rim. 

2. The small intestine. 

Cut out a small piece from the wall, and examine its inner ' 
sv/rface under water. 

The villi are minute tag-like processes of the 
mucous membrane, covering its surfjB.ce, and giving 
it a velvety appearance. 

Peyer's patches present a honeycombed appear- 
ance, the depressions being occupied by smooth 
convex lymph-follicles, bordered by villi. 



320 DISSECTION OF THE RABBIT 

8. The osDcnm. 

Bemove the cacwntfrom the body, cutting across the smcM 
intestine and the colon about an inch from it. Take the 
cacum to the sink, and slit it open longitudinally : wash 
freely, and examine under water. 

The inner surfeice is papillose, and raised along 
the line of the external constriction into a prominent 
spiral fold, a quarter of .an inch or more in width. 
The opening from the saccolus rotundus is small and 
circular ; that into the colon is much larger. 

Cut the vermiform appendix across to see the thickness of 
its wall ; and slit it open to examine its inner surface, which is 
similar to that of Peyer's patches, but with smaller follicles. 

4. The colon. 

Slit open part of the colon; wash; and calamine under 
water, noting the papillose surface and the sacculations of the 
wall, 

5. The rectum. 

Examins a part of the rectum in a similar manner, and 
note its smooth mucous membrane. 

V. THE THORACIC VISCERA. 

Open the thorax by a transverse incision just in front of 
the diaphragm : cut through the ribs along each side, and 
remove the front wall of the thorax as a triangular piece, 
taking great care not to injure the vessels and other structures 
beneath it. 

Identify and examinee the following parts vnthout any 
further dissection. 

1. The thymus is a pale, soft, glandular-looking hody in the 

anterior part of the thorax. It is very variable in 
size, being larger in the young animai, and some- 
times extending back so as to overlap the heart. 

2. The heart, enclosed in the thin transparent pericardium, 

lies in the middle of the thorax : it is dark in colour 



THORACIC VISCERA 321 

and conical in fonn ; the apex being directed back, 
wards and slightly to the left ; and the base, with the 
roots of the great vessels, forwards. 

8. The longs are a pair of pink spongy bodies at the sides 
of the thorax, and filling the greater part of its 
cavity. They collapse when the thorax is opened. 

Find the trachea in the middle line of the neck, recognising 
it by its transverse cartilaginous rings. Free it from the 
su/rrounding parts about the middle of its course ; make a 
longitudinal incision in it ; insert a blowpipe, and pass a 
ligature loosely round the trachea behind it ; inflate the lungs 
through the blowpipe, and when they are fully distended tie 
the ligature firmly , so as to retain the air in the lungs. 

The lungs lie quite free in the thoracic cavity, 
except at their roots, where the blood-vessels and 
bronchi enter them. The left lung is divided into 
two lobes; and the right into four, of which the 
smallest and hindmost lies across the median plane 
behind the heart, closely applied to the oesophagus. 

4. The diaphragm is a thin partition, separating the thoracic 

cavity from the much larger abdominal cavity. Its 
marginal portion is musciQar, the fibres arising from 
the inner surface of the hinder ribs and from the 
vertebral column, and converging to be inserted into 
the thinner, tendinous, central portion. The muscular 
margin is specially developed in the dorsal region, 
forming two stout pillars arising from the lumbar 
vertebrsB. 

The diaphragm is arched so as to present a very 
convex surface towards the thorax : by contraction 
of its muscular portion, in the act of inspiration, this 
convexity is diminished and the thoracic cavity 
thereby enlarged. The small size of the thoracic 
relatively to the abdominal cavity should be noticed. 

5. The phrenic nerves are a pair of white cords lying 

between the heart and the lungs, and readily seen 
on pressing these apart. Posteriorly they divide into 
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branches sapplying the muscular portion of the 
diaphragm. 

Their origin from the fourth cervical nerves will 
be seen in the dissection of the neck (p. 849). 

6. The pleura. Each side of the thorax is lined by a 

glistening membrane, the pleura, which is reflected 
over the lung at its root in the same way as the 
peritoneum is reflected over the abdominal viscera. 
The right and left pleural sacs are separated from 
each other by the mediastinal cavity, the greater part 
of which is occupied by the heart and pericardium, 
the posterior part remaining vacant. 

During life the lungs are distended so as to 
almost fill the thoracic cavity, the visceral layer of 
the pleursB, covering the lungs, being closely applied 
to the parietal layer lining the thorax, so that the 
pleural cavities are practically obliterated. 

Each pleura being an air-tight sac, the lungs 
follow the movements of the ribs and diaphragm : 
so that enlargement of the thoracic cavity causes 
expansion of the lungs, and hence inspiration. 

7. The OBSophagus is a narrow muscular tube, running 

through the thorax immediately ventral to the ver- 
tebral column, and readily seen on raising the left 
lung. 

VI. DISSECTION OP THE CIRCULATORY SYSTEM. 

A. The Heart and the Eoots of the Oreat Vessels. 

Bemove the thymus and the parietal layer of the peri- 
cardium, and carefully clean the base of the heart and the 
roots of the great vessels, avoiding injury to the nerves. 

1. The heart. The ventricular portion of the heart, which 
forms almost the whole of the exposed ventral sur- 
face, is marked by a groove which runs from the 
base obliquely backwards and to the right, indicating 
the division into right and left ventricles. 
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The auricles lie at the base of the heart, on its 
dorsal aspect, the auricular appendices being the only 
parts of them visible on the ventral surface. 

a. The right ventricle forms the right side of the 

ventricular portion, but does not reach to the 
apex. It is soft to the touch. 

b. The left ventricle forms the left side and apex o( 

the heart ; and is firmer than the right ventricle, 
owing to the greater thickness of its walls. 

c. The left auricle is anterior to the left ventricle, 

and is largely concealed by the great vessels. It 
is produced ventrally into the ear-like auricular 
appendix. 

d. The right auricle is dorsal to the base of the 

right ventricle, and is produced in front into the 
auricular appendix. 

2. The roots of the great vessels. 

a. Opening into the right auricle. 

i. The right anterior vena cava returns blood from 
the right side of the head, neck, and thorax, 
and from the right fore-limb. It enters the 
thorax at its anterior end, and runs back 
along the inner side of the right lung, to open 
into the right auricle by an aperture in its 
dorsal wall. 

ii. The left anterior vena cava returns blood from 
the left side of the head, neck, and thorax, 
and from the left fore-hmb. It runs back 
along the inner side of the left lung, and 
crosses between the heart and the root of the 
left lung, to open into the left side of the right 
auricle. 

iii. The posterior vena cava returns blood from all 
parts of the body behind the diaphragm. It 
enters the thorax through an aperture in the 

T 2 
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diaphragm and runs forwards, slightly to the 
right of the median plane, to open into the 
posterior end of the right auricle. 

b. Arising from the right ventricle. 

i. The pulmonary artery conveys the venons blood 
from the heart to the lungs. It arises from 
the anterior border of the right ventricle in 
the mid-ventral line, and arches over to the 
dorsal sorfeM^e of the left auricle, where it 
divides into the right and left pulmonary 
arteries, supplying the two lungs. 

c. Opening into the left auricle. 

i. The pulmonary veins return the blood from the 
lungs to the heart. There are two main 
veins on each side, which converge to open 
into the dorsal surface of the left auricle. 

d. Arising from the left ventricle. 

i. The aorta conveys arterial blood from the heart 
to all parts of the body. It arises from the 
middle of the base of the heart, dorsal to 
the root of the pulmonary artery, runs for- 
wards about half an inch, and then arches 
over to the left side, and runs back along the 
left side of the vertebral column. Its thoracic 
portion is readily seen on turning aside the 
left lung. 

The ductus arteriosus is a ligamentous 
band, connecting the aorta with the pulmonary 
artery, just before the division of the latter 
into right and left branches. During em- 
bryonic life it forms a tubular connection 
between the two vessels. 

B. The Veins. 

The veins form three distinct systems, communicating 
with one another only through capillaries, and containing 
different kinds of blood. 
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(1). The first of these systems consists of the three venae 
cavflB, with the veins opening into them : these bring to the 
right anriole venous blood from the body generally, and from 
the liver. 

(2). The second or portal system collects the blood from 
the walls of the alimentary canal, and from the pancreas and 
spleen, and conveys it to l^e liver. 

(8). The third or pulmonary system conveys arterial blood 
from the lungs to the left auricle. 

In dissecting the veins it is convenient to follow them from 
the larger to the smaller trunks, and they will be described 
in this order ; it must be remembered, however, that the flow 
of blood is in the reverse direction. Care must be taken not 
to cut the veins, as the blood obscures the dissection, and the 
vessels themselves when empty are difficult to follow, owing to 
the thinness of their walls. If by chance a large vein is cut 
it must be ligatured immediately to stop the bleeding, 

1. The system of the venes caves. 

a. The right anterior vena cava has already been 

seen. It is formed by the union of the jugular 

and subclavian veins, immediately in front of the 

first rib. 

i. The azygos cardinal vein is a median vein which 

runs forwards in the mid-dorsal line of the 

thorax, lying close to the vertebral column 

and along the right side of the aorta. It 

receives branches from the posterior seven 

or eight intercostal spaces of both sides of the 

body. Opposite the level of the auricles it 

passes round the right side of the oesophagus 

and trachea, to open into the vena cava close 

to the auricle. 

ii. The right anterior intercostal vein is a small 

vein returning blood from the anterior four or 

five intercostal spaces of the right side, and 

opening into the vena cava just in front of the 

azygos vein. 
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iii. The right internal mammary vein mns for- 
wards on the inner surface of the ventral 
thoracic wall, near the middle line, and opens 
into the vena cava opposite the first rib. 

iv. The right sabolavian vein returns blood from 
the fore-limb and shoulder. 

V. The right external jugular vein is a large vein 
running along the side of the neck. It is 
formed in front by the union, just behind the 
angle of the jaw, of the anterior and potterior 
fBLCial veins, returning blood from the fjEkce and 
ear. 

vi. The right internal jugular vein is a small vein 
returning blood from the brain, and running 
down the neck alongside the trachea, to open 
into the right external jugular vein close to 
its union with the subclavian. 

b. The left anterior vena cava resembles the right, 
except that it receives no azygos vein, and that 
its course in the thorax is somewhat different, as 
already described (p. 828). 

0. The posterior vena cava is a large median vein, com- 
mencing at the hinder end of the abdomen, and 
running forwards close to the vertebral column 
and to the right (or left) of the aorta. In front, it 
leaves the abdominal wall and becomes imbedded 
in the dorsal surface of the liver, beyond which 
it enters the thorax through an aperture in the 
central tendon of the diaphragm, and runs for 
wards, as already described (p. 828), to open into 
the right auricle. 

The following are the principal veins opening 
into the posterior vena cava. 

In dissecting these veins, take care not to damage the 
arteries f which accompany and roughly correspond to them^ 
or the renal and reproductive organs. 
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i. The phrenic veins are small veins in the substance 
of the diaphragm, opening into the vena cava 
as it passes through. 

ii. The hepatic veins are large vessels returning 
blood from the several lobes of the liver, and 
opening into the portion of the vena cava im- 
bedded in the liver. There are four chief one& 

To see the hepatic veins, ligature the vena cava, both in 
front of and behind the liver : cut across the vena cava, 
remove tJie liver, and lay it on the dissecting -board with the 
dorsal surface upwards : slit open the vena cava ; wash out the 
contained blood ; note the openings of the hepatic veins, and 
follow these with a seeker into the several lobes of the liver, 

iii. The renal veins are a pair of large veins 
running inwards from the kidneys to the vena 
cava, the right and shorter one being about 
three-quarters of an inch in front of the left. 

Each renal vein receives a small vein from 
the corresponding adrenal body, and a much 
larger one from the dorsal wall of the abdomen. 

iv. The spermatic veins in the male [or ovarian 
veins in the female] are a pair of small veins 
returning blood from the testes [or ovaries], 
and opening into the vena cava near the 
hinder end of the abdomen. The left one 
frequently opens into the renal vein, or the 
ilio-lumbar vein. 

V. The ilio-lumbar veins are paired, and return 
blood from the hinder part of the abdominal 
walls, opening into the vena cava about the 
level of the anterior border of the thigh. The 
left one often receives the spermatic [or ova- 
rian] vein, and opens into the renal vein. 

vi. The external iliac veins are a pair of large 
veins returning blood from the hind-limbs, 
and opening into the vena cava at the hinder 
end of the abdomen, about an inch in front of 
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the pubic symphysis. They receive small veins 
from the bladder [and in the female from the 
uterus]. 

They are direct continuations of the 
femoral veins, which lie along the inner or 
preaxial borders of the thighs. 

vii. The internal iliac veins return blood from the 
backs of the thighs, and, running forwards 
through the pelvic cavity, unite about half an 
inch behind the external iliacs to form the 
commencement of the posterior vena cava. 

2. The portal system consists of the veins returning blood 
from the whole length of the alimentary canal from 
the stomach backwards, and also from the pancreas 
and spleen. These veins lie in the mesentery, and 
converge to form the main trunk, or portal vein, 
which lies close alongside the posterior vena cava 
and, entering the liver, divides into branches supply- 
ing its several lobes. 

The portal system can readily be seen in a freshly killed 
animal on opening the abdomen and turning the viscera aside^ 
The veins are of large size and usually gorged with blood, 
and care mtist be taken not to injure them, as they bleed very 
freely. 

The following are the main trunks which unite to 
form the portal vein. 

i. The lieno-gastric vein returns blood from the 
walls of the stomach and from the spleen. 

ii. The duodenal vein returns blood from the 
duodenum and pancreas. 

iii. The anterior mesenteric vein is formed by the 
union of veins from the whole length of 
the small intestine, and from the csecum, the 
colon, and the greater part of the length of 
the rectum. 
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iv. The posterior mesenteric vein lies in the meso- 
rectum or hindmost part of the mesentery, and 
returns blood from the terminal portion of the 
rectum. 

8. The pulmonary system consists of the pulmonary veins, 
which have already been described (p. 824). 

G. The Arteries. 

The arteries form two distinct systems, of which one, the 
aortic system, conveys arterial blood from the left ventricle to 
all parts of the body ; while the other, or pulmonary system, 
carries venous blood from the right ventricle to the lungs. 
The arteries are thicker- walled, and hence paler in colour than 
the veins. 

The aortic system should be dissected first. Clean the 
carta along its whole length, and follow the arteries arising 
from it to their distribution, 

1. The aorta arises from the base of the left ventricle, 

and, turning towards the left side to form the arch 
of the aorta, runs backwards through the thorax 
and abdomen. It lies on the ventral surface of the 
vertebral colunm, and divides about an inch in front 
of the level of the pubic symphysis into the two 
common iliac arteries. 

2. Arteries arising from the aorta in the thorax. 

a. The innominate artery arises from the commence- 
ment of the arch of the aorta : it gives off, close 
to its origin, the left carotid artery, and then runs 
forwards a short distance and divides into the 
right subclavian and right carotid arteries. 

i. The right subclavian artery runs outwards just 
in front of the first rib : it gives branches to 
the shoulder, and nms on as the brachial 
artery into the right fore-limb. Its principal 
branches are the following. 
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o. The vertebral axtery arises from the sub- 
clavian just beyond its origin, and passing 
dorsalwards enters the vertebrarterial canal 
of the cervical vertebrea, along which it 
passes, supplying the spinal cord and the 
brain. 

/3. The internal mammary artery arises from the 
subclavian just before it leaves the thorax, 
and runs backwards along the inner surface 
of the ventral wall of the thorax. 

ii. The right carotid artery runs forwards along- 
side the trachea, supplying the neck. Oppo- 
site the angle of the jaw it divides into (1) the 
internal carotid artery, which enters the skull 
through the carotid foramen to supply the 
brain; and (2) the external carotid artery, 
which supplies the right side of the head and 
face. 

iii. The left carotid artery corresponds to the 
right carotid in its course and distribution. 

b. The left subolayian artery arises from the left side 

of the arch of the aorta : its course and branches 
correspond to those of the right subclavian. 

c. The intercostal arteries are a series of small paired 

arteries, arising from the dorsal surface of the 
aorta, and running outwards on the inner surface 
of the thoracic walls, one behind each rib. 

8. Arteries arising from the aorta in the abdomen. 

a. The coeliac artery is a large median vessel, arising 

from the ventral surface of the aorta, about half 
an inch behind the diaphragm. It runs in the 
mesentery, and divides into the hepatic artery 
supplying the liver, and the lieno-gastric artery 
supplying the stomach and spleen. 

b. The anterior mesenteric artery is a large median 

vessel, arising from the aorta about three-quarters 
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of an inch behind the coeliac artery. It dividea 
into numerous branches, which run in the mesen- 
tery to supply the duodenum, pancreas, small in- 
testine, cieoum, and colon. 

0. The renal arteries are paired, the right one arising 
just behind the anterior mesenteric artery, and 
the left a little further back. Each gives a small 
branch to the muscles of the back, and then runs 
outwards to the kidney. 

d. The spermatic arteries, in the male, are a pair of 

very small arteries, which arise about a couple of 
inches behind the left renal artery, and run back- 
wards and outwards along the dorsal Bur£B.ce of the 
abdomen to enter the epididymes at their anterior 
ends. 

The ovarian arteries, in the female, corre- 
spond in origin to the spermatic, but run outwards 
and slightly forwards to the ovaries. 

e. The posterior mesenteric artery is a median vessel, 

arising from the aorta about an inch in front of 
its division into the common iliacs. It suppUes 
the hinder part of the rectum. 

f. The lumbar arteries are small median arteries, 

arising from the dorsal surface of the aorta, and 
dividing into right and left branches supplying 
the body-walls. 

g. The median sacral artery is a smaU vessel arising 

from the dorsal surface of the aorta, shortly before 
its division, and running along the ventral surface 
of the sacrum to the tail. It is to be regarded as 
the posterior continuation of the aorta. 

h. The common iliao arteries, formed by the bifurca- 
tion of the aorta, run backwards and outwards to 
the hind-limbs, along which they are continued 
as the femoral arteries. In the abdomen each 
gives ofif the following branches. 
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i. The ilio-lnmbar artery rxms outwards along 

the posterior part of the dorsal wall of the 

abdomen, 
ii. The internal iliac artery runs backwards along 

the dorsal wall of the pelvic cavity, 
iii. The vesical artery is a small branch which runs 

backwards to the bladder. In the female it 

also supplies the uterus. 

4. The pulmonary artery has already been described 

(p. 824). 
Follow the branches of the pulmonary artery into the lungs. 

D. The Thoracic Buct 

The thoracic duct is a slender thin-waUed tube running 
forwards through the thorax, and lying immediately to the 
left of and dorsal to the aorta. Between the third and 
fourth ribs it expands somewhat, and then turning inwards 
traverses the thymus and opens into the left anterior vena 
cava close to the left subclavian vein. 

The thoracic duct receives lymphatic vessels from almost 
all parts of the body, and places these in communication with 
the venous system. 

£. Dissection of the Heart. 

Cut across the great vessels, about half an inch from the 
heart. Remove the hearty and pin it down under water with 
the dorsal surface upwards , passing the pins through the ven- 
tricles and the arch of the aorta. Clean carefully the roots 
of the several vessels. 

1. The auricles. 

Cut away the outer walls of both auricles so as to expose 
their cavities. Wash out the contained blood. 

a. The right auricle. The wall of the auricle is thin ; 
that of the auricular appendix is thicker, and 
is marked internally by muscular ridges. 

i. The orifices of the venee cavee. 

The right anterior vena cava opens into 
the anterior part of the auricle. 
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The left anterior vena cava opens into the 
left side of the posterior end of the auricle : 
jnst before its opening it receives the coronary 
vein, returning blood from the substance of 
the heart. 

The posterior vena cava opens into the 
dorsal surfieuse of the auricle, in front of the 
left anterior vena cava. 

ii. The Eustaohian valve is a membranous fold, 
between the orifices of the left anterior vena 
cava and the posterior vena cava. During 
foBtal life it directs the blood from the pos- 
terior vena cava through the foramen ovale 
into the left auricle. 

iii. The septum auricularum is a thin partition 
between the right and left auricles. In it is 
an oval patch, the fossa ovalis, close to the 
opening of the posterior vena cava. This is 
thinner than the rest of the septum, and 
is perforated in the embryo bj the foramen 
ovale. 

iv. The right auriculo-ventricular aperture is a 
wide crescentic opening leading into the right 
ventricle. 

b. The left auricle. The wall of the auricle is thin ; 

that of the auricular appendix is thicker, and is 

marked by a network of muscular ridges. 

i. The apertures of the pulmonary veins. The 

veins of the two sides unite as they enter the 

dorsal surface of the auricle. 

ii. The left auriculo-ventricular aperture is a 
large circular funnel-Uke opening, leading into 
the left ventricle. 

2. The ventricles. 

Cut across the ventricles about one-third of an inch from 
the apex ; note the shape of the cavities. 



334 DISSECTION OF THE RABBIT 

The cavity of the right ventricle is crescentic in 
section : its wall is thin, embracing and half- sur- 
rounding the left ventricle. 

The left ventricle has very thick walls, and a 
small irregular cavity. 

a. The right ventricle. 

Remove the auricles, and cut short the aorta and pui- 
monary artery. Beniove the outer wall of the right ventricle, 
by longitudinal incisions through its dorsal and ventral walls, 
and a. transverse ificision across its ba^e a short distance 
behind the anterior border. Avoid injury to the valve. 

i. The tricuspid valve guards the right auriculo- 
ventricular aperture, and is formed by three 
membranous flaps attached round its margin. 
The free borders of the flaps project into 
the ventricle, and are connected by tendinous 
strings, the chordee tendineee, to muscular 
processes of the wall of the ventricle, the 
larger of which are known as muaouli papil- 
lares. 

ii. The orifLoe of the pulmonary artery is at the 
left anterior angle of the ventricle, and is 
guarded by three pocket-like semilunar valves, 
the free edges of which are directed away 
from the ventricle. 

Note the position of the valves from above ; slit up the 
pulmonary artery between two of them, and examine them. 

b. The left ventricle. 

Remove tJie outer wall in the same manner as that of the 
right ventricle. 

i. The mitral valve, guarding the left auriculo- 
ventricular aperture, resembles the tricuspid 
valve, except that there are only two flaps, 
and the musculi papillares are much larger. 
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ii. The colmimfle camesB are muscular ridges pro- 
jecting into the cavity of the ventricle, and 
mainly longitudinal in direction. 

iii. The orifice of the aorta is at the base of the 
ventricle, immediately to the right of the 
mitral valve. It is guarded by three semilunar 
valves, one of which is dorsal, and the other 
two ventro-lateral in position. Immediately 
beyond the two latter valves the coronary 
arteries, which supply the heart, arise from 
the aorta. 



Vn. DISSECTION OF THE RENAL AND REPRODUCTIVE 

SYSTEMS. 

In the rabbit, as in the dog-fish, certain parts of the primi- 
tive kidneys and their ducts lose their excretory function, and 
become converted into accessory genital organs and genital 
ducts. Owing to the close connection of the two systems, they 
may, in the adult, be conveniently considered together, though 
it must be remembered that the connection is merely a 
secondary one (c/. pp. 288-289). 

In the male rabbit, of the three divisions into which the 
primitive kidney is divided, the pronephros and its duct are 
absent or rudimentary ; the mesonephros acquires an intimate 
connection with the testis, and becomes converted into the 
epididymis, its duct becoming the vas deferens. 

In the female, the pronephros is absent, but its duct 
becomes the oviduct ; the mesonephros and its duct are 
absent, or rudimentary. 

In both sexes alike, the metanephros and its duct become 
the kidney and ureter respectively. 

The bladder of the rabbit arises as a ventral diverticulum 
of the rectum, and is at first entirely independent of the 
kidney-ducts, which open into the dorsal wall of the rectum, 
a condition retained throughout life in the frog. During 
development the ducts shift round so as to open into the 
bladder, which then separates from the rectum and acquires 
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a separate opening to the exterior, through which the urinary 
and genital products leave the body. 

It is convenient to describe the two sexes separately, as 
they differ very greatly ; and to include in the account certain 
glands in the neighbourhood of the rectum. 

A. The Male Babbit 
1. The renal system. 

a. The kidneys are a pair of dark red bodies about an 

inch and a quarter long, imbedded in fat in the 
dorsal wall of the abdomen, outside the peri- 
toneum. Each is of a flattened ovoid shape, with 
a notch, the hilus, on its inner side where the 
ureter and blood-vessels enter and leave it. 

Bisect one of the kidneys longitudinally ^ from its outer 
edge ; and turn the ventral half inwards^ so as to expose the 
cut surfaces. 

i. The cortical substance forms the superficial 
layer of the kidney; the Malpighian bodies^ 
which are confined to it, give it a dotted 
appearance, 
ii. The medullary substance, forming the deeper 
part of the kidney, is radially striated, and 
consists mainly of the non-glandular parts of 
the tubules. The inner sur&ce of the medul- 
lary substance is raised into a number of conical 
papillflB or pjrramids, on which the tubules open, 
iii. The pelvis is the expanded anterior end of the 
ureter, which lies in the cavity of the kidney, 
and receives the urine from the apertures on 
the pyramids. 

b. The ureters are a pair of slender tubes, running 

back from the kidneys along the dorsal wall of 
the abdomen, a short distance from the middle 
line. At the hinder end of the abdomen, they 
turn inwards and open into the bladder, opposite 
the anterior border of the pubic symphysis. 
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0. The bladder is a thin-walled muscular sao, of 
which the anterior end, in front of the pubic 
symphysis, can alone be seen at this stage of the 
dissection. 

2. The reproductive system. 

The testes, in early life, lie against the dorsal 
waU of the abdomen, close to the kidneys. Before 
maturity, however, they separate from the dorsal 
wall, and, slipping down to the ventral wall, pass 
along the inguinal canals into the scrotal sacs. 

a. The scrotal sacs are a pair of muscular pouch-like 

diverticula of the abdominal wall, lying ventral 
to the pelvis and close to the median plane. 

Slit up one of the scrotal sacs along its ventral surface to 
eocpose the testis lying in it. 

b. The testes. 

The testes are a pair of elongated ovoid bodies^ 
of a pink colour, varying greatly in size at 
different times, and about an inch and a half in 
length when fully developed. They are attached to 
the bottoms of the scrotal sacs, but can be readily 
pulled back into the abdominal cavity. 
0. The epididymes are a pair of irregular masses of 
convoluted tubes, lying along the inner edges 
of the testes. Each epididymis consists of (1) a 
soft pinkish body, the caput epididymis, in close 
contact with the anterior end of the testis : (2) a 
narrow band, extending backwards from the caput 
along the testis : and (8) a larger, more conical^ 
and much convoluted body, the oauda epididymis, 
lying at the posterior end of the testis, and con- 
nected by a short cord, the gubemaculom, with 
the bottom of the scrotal sac. 

The epididymes are the modified mesonephra 
of the embryo, the tubules of which grow into the 
testes, and so form the vasa efferentia, through 
which the spermatozoa escape from the testes. 

z 
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The spermatic arteries and veins, which 
supply the testes, enter the epididymes at their 
anterior ends. 

d. The vasa deferentia are a pair of whitish tubes one of 

which arises from each cauda epididymis and runs 
forwards, alongside the testis, to enter the abdo- 
minal cavity through the inguinal canal. Within 
the abdomen it loops round the ureter from the 
outer to the inner side, and runs back to the neck 
of the bladder. The hinder part of its course 
is sinuous, but farther forwards it becomes 
straighter. 

The vasa deferentia are the modified meso- 
nephric ducts of the embryo. 

Dissect both scrotal sacs from the abdominal wall^ and 
turn them forwards with the testes and vasa deferentia. 
Determine with the finger the boundaries of the pubes and 
ischia. Cut longitudinally through the muscles ventral to the 
pelvis, about half an inch from the middle line on each side, 
and down to the bone. Scrape clean the descending rami of 
the pubes and ischia, and cut through them with bone-forceps 
in front of, and behind, the obturator foramen on each side. 
Remove thepehnc symphysis, which is now isolated; carefully 
dissecting it from the underlying parts. Note the coipora 
cavemosa, a pair of hard ligamenUyus bodies running back- 
wards from the hinder border of the ischia to the penis ; and 
cut them across close to the ischia. 

Inflate the bladder and urino-genital canal by a blowpipe 
inserted into the terminal aperture of the penis, and tie a 
ligature round the penis half an inch from its end, to prevent 
the air escaping. 

Clean the varums structures in the order given below, 

e. The urino-genital canal, or urethra, is the continua- 

tion backwards of the neck of the bladder, through 
the pelvic cavity. It is a straight tube, with thin 
and very vascular walls, which lies immediately 
dorsal to the pelvic symphysis, and ventral to the 
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rectain. Behind the symphysis it is continued 
into the penis. 

f. The penis is an elongated body, projecting from the 

ventral snr£B.ce of the animal, immediately behind 
the pelvic symphysis and in front of the anus. 
It is traversed by the urino-genital canal, through 
which the urinary and genital products are dis- 
charged. The posterior or dorsal wall of the 
penis is very vascular, and forms the corpus 
spongiosum; while its ventral or anterior sur- 
face is stiffened by the corpora cavernosa. The 
free end of the penis is soft, and obliquely trun- 
cated ; and is invested by a loose sheath of 
skin, the prepuce. The external aperture of the 
urethra is a slit-Hke opening on its posterior 
surfeM^e. 

g. The uterus masculinus is a large median sac, 

slightly bilobed in front, attached to the dorsal 
surface of the urino-genital canal, into which it 
opens, and extending forwards along the dorsal 
surfEice of the bladder to about the middle of its 
length. 
L The posterior ends of the vasa deferentia are 
slightly dilated, and run back, side by side, along 
the dorsal surfjBice of the neck of the bladder, 
between it and the uterus masculinus. They 
open separately into the ventral wall of the uterus 
masculinus, just in front of its communication 
with the urino-genital canal, and opposite the 
hinder end of the obturator foramen. 

Slit tip the uterus masculinus along one side with scissors. 
Note the large aperture leading into the v/rino-genital canal, 
and, just in front of this, the small paired openings of the 
vasa deferentia. 

L The prostate is a series of glandular masses, placed 
around the dorsal surface and sides of the uterus 
masculinus and vasa deferentia, and opening by 

i2 
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short ducts into the orino-genital canal. There 
are four or five lobes, the largest of which is an 
anterior lobe, closely applied to the dorsal wall 
of the uterus masculinus, and bilobed in front : 
behind this is a smaller posterior lobe, sometimes 
divided into two : a pair of still smaller lateral 
lobes lie in the angle between the vasa deferentia 
and the uterus masculinus. 

k. Cowper's glands are a pair of glandular bodies, 
varying greatly in size, and placed on the dor- 
sal wall of the urino-genital canal, behind the 
prostate. 

1. The rectum is a white tube, with rather thick 
muscular walls, lying dorsal to the urino-genital 
organs, and close to the ventral sur&ce of the 
sacrum. 

m. The perinssal glands are a pair of elongated glan- 
dular bodies, dark in colour, and about three- 
quarters of an inch long. They lie at the sides of 
the penis, and in the anterior walls of the perinasal 
sacs, into which their ducts open. 

n. The rectal glands are a pair of pale yellowish 
bodies, much larger than the penneal glands, and 
lying along the sides and posterior surface of the 
last two inches of the rectum. 

Slit up with scissors the urino-genital canal along its 
whole lengthf in the mid-ventral line, 

0. The aperture of the uterus masculinus is a large 
crescentic opening in the dorsal wall of the 
urino-genital canal. 

p. The verumontanum is a small vascular papilla, 
immediately behind the aperture of the uterus 
masculinus. 

q. The apertures of the ducts of the prostatic glands 

are small slit-like openings at the sides of the 
verumontanum. 
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B. The Female Babbit. 

1. The urinary system is the same as in the male, except 

that the ureters open into the bladder much farther 
forwards close to its anterior end. 

2. The reproductive system. 

Bemove the pelvic symphysis as in the male (p. 888); and 
inflate the vagina and bladder with a blowpipe, inserted into 
the vulva. Ligature the vestibule about an inch in front of 
the vulva, to prevent the air escaping. 

a. The ovaries are a pair of oval bodies, of a pale 

yellowish colour, and about three-quarters of an 
inch long, attached to the dorsal wall of the 
abdomen, behind the kidneys and about an inch 
in front of the crests of the ilia. 

On their sur&ces the Graafian follicles, each 
of which contains an ovum, are visible as small 
rounded semi-transparent projections. 

b. The oviducts are formed from the pronephric ducts 

of the embryo. Their anterior ends are nar- 
row, and form the Fallopian tubes : the middle 
portions are wider, and become the uteri^ within 
which the young are developed ; and the posterior 
ends unite to form a median tube, the vagina. 

i. The Fallopian tubes are a pair of narrow, slightly 
convoluted tubes, about the size of the ureters. 
They lie along the free edges of the broad 
ligaments, a parr of folds of peritoneum sus- 
pending them from the dorsal wall of the 
abdomen. 

The anterior ends of the Fallopian tubes 
form wide, membranous, funnel-shaped 
mouths, lying along the outer sides of the 
ovaries, and attached to their anterior ends. 

» 

ii. The uteri, which are contiauous with the pos- 
terior ends of the Fallopian tubes, are a pair 
of thick- walled tubes, which vary enormously 
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in size according to the presence or absence of 
embryos, and the stage of their development. 
The two uteri open by separate apertures into 
the anterior end of the vagina. 

iii. The vagina is a very wide median tube, com- 
mencing a little in front of the crests of the 
ilia, and extending straight back to unite, 
within the pelvic cavity, with the neck of the 
bladder, at the commencement of the vestibule. 

c. The vestibule or urino-genital canal is a wide 

median tube, commencing opposite the hinder 
end of the obturator foramen, and running back 
through the pelvic cavity, ventral to the rectum, 
to the vulva. Its walls are very vascular, and 
correspond to the corpus spongiosum in the male. 

d. The clitoris is a small rod-like body, corresponding 

to the penis of the male, and lying in the anterior 
or ventral wall of the vestibule, just within its 
external opening. It ends in a soft conical body, 
the glans ditoridis, and is connected with the 
ischia by two corpora cavernosa similar to those 
of the male, but of smaller size. 

e. Cowper's glands are small, and lie on the dorsal 

wall of the vestibule, opposite the hiader border 
of the pelvic symphysis. 

f. The perinflsal and rectal glands are similar to those 

of the male (p. 840). 

SUt up vnth 8cissor8 the vestibule and hinder pa/rt of the 
vagina along one side. Note the great vascularity of the 
walls, the position and relations of the clitoris, and the open- 
ing of the bladder into the vestibule. 

Slit up the anterior part of the vagina along the mid- 
ventral line, to expose the openings of the uteri into the 
vagina. Note the very prominent lips of these openings. 



DISSECTION OF THE NECK 343 

Vin. DISSECTION OF THE NECK. 

A special dissection of the neck is desirable on account of 
the great importance of the structures contained in it, more 
particularly the nerves. 

Lay the rabbit on its back on a dissecting-board ; arid pin 
back the head so as to extend the neck strongly. Make a 
median ventral incision through the skin of the neck, and 
dissect the skin away from the underlying pa/rts, taking care 
not to damage these. 

A. The Hyoid Bone. 

The body of the hyoid is a transverse bar of bone, deeply 
placed between the rami of the mandible, and about midway 
between the hinder end of the mandibular symphysis and the 
angles of the jaw. 

The posterior comua of the hyoid are a pair of slender 
rods of bone, about half an inch long, running backwards and 
outwards from the outer angles of the body of the hyoid, 
parallel to the angles of the jaw. 

Determine the position and shape of the hyoid by feeling 
with the finger. 

B. The Trachea. 

The trachea or windpipe is a straight tube, running down 
the neck almost in the middle Une. It is only partially 
exposed at present, but will be seen better in the course 
of the dissection. Its anterior end, which is placed almost 
inmiediately behind the hyoid, is dilated, and surrounded on 
the ventral and lateral surfaces by the wide thyroid cartilage, 
which forms a prominent swelling in the throat, placed 
between the rami of the mandible and readily identified 
by the finger. Behind this is the annular cricoid cartilage, 
which is wide dorsally and narrow ventrally. Behind the 
cricoid the trachea narrows shghtly, and is surrounded by a 
series of cartilaginous rings, incomplete along the mid-dorsal 
line. The trachea runs backwards along the neck, and, 
entering the thorax, divides about the level of the middle of 



344 DISSECTION OF THE RABBIT 

the heart into the right and left bronchi, which enter the 
right and left longs respectively. 

G. The Thyroid Body. 

The thyroid is a soft vascular body, consisting of a pair of 
lateral lobes at the sides of the anterior part of the trachea, 
connected by a narrow median lobe, which runs across the 
ventral surfeice of the trachea a short way behind the thyroid 
cartilage. 

D. The Muscles of the Keck. 

A few of the more prominent of the ventral muscles of the 
neck are alone described here. 

1. The stemo-mastoid muscles are a pair of narrow but 

strong muscular bands, which arise from the 
anterior end of the sternum, close to the middle 
line, and run obhquely forwards and outwards, 
across the front of the neck, to be inserted into the 
mastoid processes of the skull immediately behmd 
the ears. 1 

Cut through the right stemo-mastoid close to its origin 
from the sternum, and turn it forwards. Near its anterior 
end, note, and carefully preserve, a branch of the spinal 
accessory nerve, which enters the muscle on its inner side, 
about half an inch behind the angle of the jaw. 

2. The stemo-hyoid muscles are a pair of broad but thin 

muscular bands, running along the ventral surface 
of the neck. They arise from the dorsal surface of 
the anterior end of the sternum, where the two are 
fused, and run forwards along the neck. A little 
behind the angle of the jaw, the two muscles diverge 
slightly from each other, and are inserted into the 
bases of the posterior cornua of the hyoid. Their 
hinder ends are covered by the stemo-mastoids. 
8. The stylo-hyoid muscles are a pair of short muscles, 
running almost transversely across the neck, opposite 
the angles of the jaws. They arise from the under 
surface of the tympanic bullse, close to the insertions 
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of the stemo-mastoid muscles, and are inserted into 
the tips of the posterior comua of the hjoid. 

4. The mandibular muscles are a pair of slender muscles, 
triangular in shape, which arise from the tips of the 
par-occipital processes of the ex-occipital bones by 
long thin tendons, running forwards and inwards, 
dorsal to the stylo-hyoid muscles, and parallel to the 
rami of the mandible. The anterior part of each is 
muscular, and is inserted into the inner surfeuse of 
the ramus of the mandible, close to the symphysis. 

6, The stemo-thyroid muscles are a pair of thin bands of 
muscle, lying immediately dorsal to the stemo-hyoid 
muscles, and seen on dissecting along the outer 
borders of the latter. They are fused posteriorly, 
and arise from the sternum as a median band in 
common with the stemo-hyoid : further forwards the 
muscles diverge, and run along the ventral surfieuse 
and sides of the trachea, to be inserted into the sides 
of the thyroid cartilage. 

E. The Blood-vessels of the Keck. 

The two most important, on each side, are the following : 

1. The external jugular vein has already been seen. 

2. The carotid artery runs forwards along the outer borders 

of the stemo-hyoid and stemo-thyroid muscles. 

Clean the carotid artery carefully, taking great care to 
avoid injuring the nerves which lie close alongside it, and a 
nerve which crosses its ventral surface about the level of the 
thyroid cartilage. 

F. The ITerves of the Keck. 

Expose and clean the following nerves on either the right 
or the left side of the neck, 

1. The spinal accessory nerve, the eleventh cranial nerve, 
leaves the skull at the foramen lacerum posterius, 
between the auditory capsule and the ex-occipital 
bone, in company with the pneumogastric and glosso- 
pharyngeal nerves. Outside the skull it runs almost 
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vertically downwards for about half an inch, and 
then divides into branches distributed to the stemo- 
mastoid and other muscles. 

The branch to the stemo-mastoid has already been seen 
(p. 844). Follow this ba^ck to its junction with the mam stevn 
of the nerve, and then trace this latter up to the base of the^ 
skull. 

2. The hypoglossal nerve, the twelfth cranial, is a stout 
nerve which leaves the skull by the condylar fora- 
mina, immediately behind the foramen lacerum 
posterius, and lies at first very close to the pneumo- 
gastric, glosso-pharyngeal, and spinal accessory 
nerves. Outside the skull it runs downwards and 
inwards for about half an inch, and then tuma 
forwards, crossing ventral to the carotid artery 
at its point of division into internal and external 
carotids. It then runs forwards and inwards^ 
along the dorsal surfetce of the stylo-hyoid muscle, 
and parallel to the posterior comu of the hyoid, 
to the base of the tongue, the muscles of which it 
supplies. 

The hypoglossal nerve is readily found, where it turns for- 
wards between the carotid artery and the stylo-hyoid muscle ; 
and should be followed from this point backwards to the skull,, 
and forwards to the tongue. 

a. The ramus descendens noni is a branch of the hypo- 
glossal, which arises from the main nerve just 
before it reaches the carotid artery. It runs 
back along the outer border of the carotid for 
about half an inch, giving branches to some of 
the muscles of the neck. It then crosses the 
carotid, about the level of the lower border of the 
thyroid cartilage, and runs back on the sterno- 
thyroid muscle, to which as well as to the sterno- 
hyoid it sends branches. 

The descendens noni is readily found crossing the carotid 
aAout the point named above ^ and should then be traced back- 
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wards along the stemo-thyroid muscle^ and forwards to the 
point at which it leaves the main stem of the hypoglossal. 

8. The pnenmogastric or vagOB nerve, the tenth cranial, 
is a stout nerve which leaves the skull by the fora- 
men laoerum posterius, presenting a very distinct 
swelling near its origin. It runs downwards and 
backwards until it reaches the carotid artery, and 
then straight backwards along the neck, lying 
immediately to the outer side of, and slightly dorsal 
to, the carotid artery. Entering the thorax, it runs 
alongside the oesophagus to the stomach, where it 
ends. 

Its principal branches are described below. 

Find the pnewmogastric nerve in the neck, along the outer 
side of the carotid artery. Follow it along the neck to the 
thorax, and forwards to the skull. 

a. The superior laryngeal nerve is a small nerve, 

arising from the pneumogastric opposite the 

upper border of the thyroid cartilage. It runs 

almost directly inwards, passing dorsal to the 

carotid artery, and ends in branches distributed 

to the mucous membrane of the larynx (p. 850), 

and to the crico-thyroid muscle. 

The sole difficulty in dissecting the superior laryngeal 

nerve lies in the possibility of confusing it with the descendens 

noni. This is avoided if it be remembered that, while both 

nerves cross the carotid artery, the descendens noni lies ventral 

to the artery, and the superior laryngeal dorsal to it. 

i. The depressor nerve is a very slender branch of 
the superior laryngeal nerve, which runs back- 
wards along the neck; lying dorsal to the 
carotid artery, and along the inner side of the 
main stem of the pneumogastric nerve, very 
close to the sympathetic nerve-trunk. It ends 
in the heart. 

Find the depressor nerve where it leaves the superior 
laryngeal nerve, about the level of the posterior end of the 
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thyroid cartilage, and follow it back along the neck. Its 
dissection in the thorax is difficult. 

b. The inferior or recurrent laryngeal nerve arises, on 
the right side, from the pneomogastric nerve at 
the posterior end of the neck. It loops round the 
subclavian artery, and then runs forwards along 
the neck, lying alongside the trachea, and dorsal 
to the carotid artery, or slightly to its inner side. 
It supplies all the muscles of the larynx, except 
the crico-thyroid. 

On the left side, the nerve is not given off 
until after the pneumogastric has entered the 
thorax. It loops round the arch of the aorta, and 
then runs forwards along the neck to the larynx. 

Find the nerve j as it loops round the suhcla/oian artery, or 
on the left side the arch of the aorta; and follow it forwards 
along the neck to the larynx. 

The curious course of the recurrent laryngeal 
nerves is explained by the shifting backwards of 
the heart, which occurs during development. As 
this shifting involves the roots of the great vessels* 
these nerves become pulled out into loops. 

c. Branches of the pneumogastric to the heart, lungs^ 
and oesophagus. These are of small size, and 
are given off in the thorax : the cardiac branches 
end in a plexus, lying between the roots of the 
aorta and pulmonary artery. 

Turn the lungs and heart over to one side : follow the 
pneumogastric back through the thorax, alongside the crso- 
phagus, and trace out its branches. 

4. The cervical sympathetio nerve lies alongside the trachea, 
to the inner side of the carotid artery, and in dose 
proximity to the depressor nerve. 

About the level of the angle of the jaw, and dorsal 
to the stylo-hyoid muscle, it has a small oval swell- 
ing, the superior cervical ganglion and at the pos- 
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tenor end of the neck, a short distance in front of the 
subclavian artery on either side, there is a similar 
swelling, the inferior cervical ganglion. 

The sympathetic nerves are of a pale pinkish colour, and 
are not nearly so easy to see as the white cords of the pneumo- 
gastric and its branches, 

6. The great auricular nerve is a large branch of the third 
spinal nerve, given off immediately after the nerve 
emerges from the spinal canal, between the second 
and third cervical vertebraa. It runs vertically up- 
wards to the base of the ear, lying along the posterior 
border of the parotid gland, and about half an inch 
behind the angle of the jaw : it then continues its 
course along the outer surface of the pinna of the 
ear, as far as its tip, lying just beneath the skin. 

The nerve can readily be felt as a cord running along the 
pinna, or seen by holding the ear up to the Ught, and looking 
through it. 

Having determined its position in one of these ways, cut 
down upon it, and follow it to the tip of the ear, and down- 
wards to its point of emergence from the vertebral canal. 

6. The phrenic nerve is a branch of the fourth cervical 
nerve, which arises just beyond the point of emer- 
gence of this nerve from the neural canal, and runs 
back alongside the vertebral column. Entering the 
thorax it continues its course backwards, lying 
between the heart and the lungs on either side, and 
ends in the diaphragm, which it supplies with motor 
fibres. 

In the neck it crosses the roots of the hinder 
cervical nerves almost at right angles. It receives 
a small branch from the fifth cervical nerve, and 
sometimes one from the sixth, as it passes them. 

Press the heart amd right lung gently apart to expose the 
phrenic nerve. Follow the nerve back to the diaphragm, and 
forwa/rds along the neck to its origin. 
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O. The Larynx. 

The larynx, or organ of voice, is formed by the anterior 
part of the trachea. The thyroid and cricoid cartilages form 
its outer wall, and it is overhnng in front by the epiglottis. 

Make a median longitudinal section through the anterior 
part of the trachea. 

1. The thyroid cartilage forms the most anterior ring of 

the trachea : it is about half an inch in length along 
the mid-ventral line, but is incomplete dorsally. 

2. The cricoid cartilage, or second ring of the trachea, is a 

complete ring, lying inmiediately behind the thyroid. 

It is narrow ventrally, but wide dorsally ; and ajrticu- 

lates with the postero-dorsal angles of the thyroid 

cartilage. 
8. The arytenoid cartilages are a pair of cartilaginous 

nodules, articulated to the anterior edge of the dorsal 

surfebce of the cricoid cartilage. 
4. The ventricles of the larynx are a pair of shallow lateral 

depressions of the mucous membrane of the inner 

surface of the larynx. 
6. The vocal cords are a pair of folds of mucous membrane, 

strengthened by elastic ligaments, and forming the 

posterior lips of the ventricles. They are attached 

dorsally to the arytenoids, and at their ventral ends 

to the thyroid cartilage. It is by their vibration 

that the voice is produced. 

6. The glottis is the narrow vertical slit between the vocal 

cords, through which the air passes to and from the 
lungs. 

7. The false vocal cords are folds of mucous membrane 

similar to the vocal cords, which form the anterior 
boundaries of the ventricles. 

IX. DISSECTION OF THE BRAIN. 

The brain should be removed directly after the rahbit is 
killed, and placed at once in strong spirit, as it decomposes 
rapidly. It is well to put a loose pad of cotton-wool in the 
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bottom of the bottle, and place the brain upon it, in order to 
prevent flattening from contact with the gkiss, and to enswre 
free access of the spirit to all parts of the surface. 

To remove the brain, first skin the head ; then expose the 
brain by snipping away, with the bone-forceps, the roof and 
sides of the skull, beginning at the foramen magnum, and work- 
ing forwards. Take special care in the region of the ears to 
avoid injury to thefloccular lobes of the cerebellum, which a/re 
lodged in the floccular fossa of the periotic bones (p. 282). 

Having completely removed the roof and sides of the 
cranium, and cut through the dura mater, a tough fibrous 
membrane which lines the cranial cavity, cut across the spinal 
cord about half an inch behind the foramen magnum, and 
turn out the brain from behind forwards, lifting it up gently 
with the handle of a scalpel. 

Note and identify the several nerve-roots as you do so, 
and cut through them in order, close to the skull-wall, so as 
to leave as mtich of the roots as possible attached to the brain. 

Place the brain in spirit at once, handling it with great 
care, as it is very soft and easily damaged. Leave it in spirit 
for three or four days, and then dissect it as described below. 

The several divisions of the rabbit's brain are the same 
as those of the brain of the dog-fish, the most important 
differences between the two being, (1) the great size of the 
cerebral hemispheres, which overlap and conceal the dorsal 
and lateral surfaces of the thalamencephalon and optic lobes ; 
(2) the greater size and more complicated structure of the 
cerebellum ; (8) the much greater development of the trans- 
verse commissures, connecting the two halves of the brain 
with each other. 

Remove the hardened brain from spirit, and examine it in 
a small dish of water or weak spirit, 

A. The Brain-membranes. 

1. The dura mater is the tough connective-tissue membrane 
which lines the cranial cavity. The greater part or 
the whole of it is left in the skull on removal of the 
brain. It projects into the cranial cavity as a median 
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vertical fold, the fialz cerebri, wMch lies between 
the hemispheres ; and a transverse fold, the tento- 
rinm, which separates the hemispheres from the 
cerebellum. 
2. The pia mater is a mnch thinner and very vascular 
layer of connective tissue, which closely invests the 
brain, and conveys blood-vessels to and from the 
brain substance. 

B. External Characters of the Brain. 

Strip off the pia mater from the brain with fine forceps as 
fully as possible, taking great care on the base of the brain 
not to drag away the nerve-roots. 

1. The dorsal surface of the brain. 

a. The cerebral hemispheres, which form the anterior 

two-thirds of the brain, are a pair of broad 
triangular bodies, pointed in front and closely 
apposed to each other along the median plane. 

Their surfaces are smooth and convex : they 
are marked by a few shallow grooves, or sulci ; 
and they are divided by rather more conspicuous 
grooves at their outer edges into anterior or 
frontal, and posterior or parietal lobes. 

The two hemispheres are connected with each 
other by a large transverse commissure, the 
corpus callosum, which is readily seen on gently 
separating the hemispheres with the handle of a 
scalpel. 

b. The olfactory lobes are a pair of large club-shaped 

bodies, projecting forwards from beneath the 
anterior ends of the hemispheres. 

c. The thalamencephalon is covered by the hemi- 

spheres, and cannot be seen from the dorsal 
surface. 

d. The corpora quadrigemina, or optic lobes, are two 

pairs of rounded elevations on the dorsal surfeu^e 
of the brain, and almost completely covered by 
the hemispheres. 
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e. The oerebellnm in a large transrersely elongated 

inasB, lying behind the hemisplieres. It is divided 
into a laige median lobe, the vermii, and two 
latflnl lohei, to the onter aides of which are the 
small rounded floocnlar lobw. 

The whole surface of the cerebellum ia marked 
by close-set folds, mainly transrerse in direction. 

f. The medulla oblong^ata is the part of the brain 

beneath and behind the cerebellum. It is some- 
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what flattened dorgo-ventrally, is widest in front, 

and gradually narrows behind, passing into the 

spinal cord. 

i. The Ttlnm m«dulla anteriu, or valve of 

Vienneni, is a thin transparent membrane. 
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connecting the hinder border of the optic 
lobes with the cerebellum, and roofing over the 
anterior part of the fourth ventricle. It lies 
beneath the anterior part of the cerebellum, 
which must be gently pressed backwards to 
expose it. 
ii. The velum meduUsB posterius is a thin trans- 
parent membrane, forming the roof of the pos- 
terior part of the fourth ventricle : it is covered 
in'firont by the cerebellum. 

g. The pineal body is a small rounded median body, 
lying on the optic lobes, and connected by a 
stalk with the roof of the thalamencephalon. 

It is visible on the dorsal sur&ce, in the angle 
between the hinder ends of the cerebral hemi- 
spheres and the cerebellum, but is very liable 
to be torn away with the dura mater. It has 
recently been shown to be a degenerate eye. 

'2. The ventral surfiace of the brain. 

a. The cerebral hemispheres, as seen from below, are 

closely apposed in front, but diverge posteriorly. 
About the middle of its length the inner 
border of each hemisphere presents a notch, 
which is continued outwards across the surf&ce 
of the hemisphere as a shallow groove, the 
Sylvian fissure, separating the frontal lobe from 
the temporal. 

b. The olfiactory lobes lie, in their hinder portions, 

along the under surface of the frontal lobes of 
the hemispheres, extending back as far as the 
Sylvian fissures. In front, they project some 
distance beyond the hemispheres. 

c. The infondibulum is a median rounded elevation, 

lying between the temporal lobes, about the 
middle of the length of the brain : at its apex is 
the rounded vascular pituitary body. This latter 
is usually left behind in the pituitary fossa in 
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the base of the skall when the brain is removed : 
in this case there is at the apex of the infandi- 
btdum a slit-like aperture, leading'into the third 
ventricle. 

d. The optic chiasma is a transverse band of nerve- 

fibres, lying immediately in front of the infandi- 
bulom. From its anterior border the optic nerves 
arise, and from its outer ends the optic tracts may 
be followed backwards towards the optic lobes 
by gently pressing aside the temporal lobes. 

e. The corpus mammillare, or corpus albicansi is a 

small rounded median elevation, immediately 
behind the infandibulum. 

f. The pons Varolii is a stout band of transverse 

nerve-fibres, which crosses the ventral surface 
of the medulla, opposite the posterior ends of the 
hemispheres. It connects the two sides of the 
cerebellum with each other. 

g. The crura cerebri are two large bands of nerve-fibres, 

immediately in front of the pons Varolii, which 
run forwards, diverging from each other, and 
connect the medulla oblongata with the hemi- 
spheres. 

h. The medulla oblongata, as seen from the ventral 
surface, is broad in front and gradually narrows 
behind. It is marked by a median ventral fissure, 
bordered by two narrow bands, the ventral 
pyramids. At the outer sides of the pyramids, 
immediately behind the pons Varolii, are a pair 
of oblong patches of transverse nerve-fibres, the 
corpora trapezoidea. 

C. The Boots of the Oerebral Herves. 

There are twelve pairs of cerebral or cranial nerves in the 
rabbit, all of which, with the exception of the fourth pair, 
arise from the ventral surface or from the sides of the brain. 

AA 2 
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Identify, and clean the nerve-roots on one side of the brain, 
in the order given below, taking great care not to drag them 
awa/yfrom the brain, 

1. The oIlEtotory nerve arises, by many roots, from the 

ventral surface of the anterior end of the olfactory 
lobe. These roots are almost necessarily removed 
in taking out the brain. 

2. The optic nerve is a stout nerve, running forwards from 

the anterior border of the optic chiasma, and then 
curving outwards. 

8. The oculo-motor nerve is small, and arises from the inner 
border of the crus cerebri, close to the middle line, 
and immediately behind the corpus mammiUare. 

4. The pathetic nerve is very small. It arises from the 

dorsal surface of the valve of Vieussens, close to the 
middle line, and just behind the optic lobes. It then 
runs round the side of the brain to the ventral sur- 
face, lying between the cerebellum and optic lobe. 

Find the nerve on the ventral surface, and follow it round 
the side of the brain to its origin. 

5. The trigeminal nerve is very large, and arises by two 

closely apposed roots from the side of the hinder 
border of the pons Varolii. Of the two roots the 
inner and smaller one is motor, the larger outer one 
sensory in function. 

6. The abducent nerve is very slender, and arises from the 

ventral surfo^ce of the medulla, dose to the middle 
line, and immediately behind the pons Varolii. 

7. The facial nerve arises from the outer side of the ante- 

rior end of the corpus trapezoideum, immediately 
behind the trigeminal nerve. 

8. The auditory nerve is large, and arises from the side 

of the medulla, immediately behind and to the outer 
side of the facial nerve. 
9 and 10, The glosso-pharyngeal and pneumogastric nerves 
arise close together, by many slender rootlets, from 
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the Bide of the medulla, close behind, and a little 
above the root of the auditory nerve. 

11. The spinal accessory nerve arises from the side of the 

medulla and spinal cord by about ten rootlets, the 
most anterior of which is just behind the pneumo- 
gastric, and the hindmost as far back as the fifth 
spinal nerve. 

12. The hypoglossal nerve arises by a number of rootlets 

from the ventral surfeice of the medulla, close to the 
middle line, and to the outer side of the ventral 
pyramid. 

D. The Structure of the Brain. 

The brain is, from the mode of its formation, tubular ; its 
cavity being directly continuous with the central canal of the 
spinal cord. From a very early period it presents a series of 
dilatations or vesicles, partially separated from one another 
by constrictions. Of these vesicles, the first or most anterior 
one is the fore-brain, or thalamencephalon, from which the 
cerebral hemispheres arise as hollow outgrowths ; the second 
vesicle is the mid-brain or mesencephalon ; and the succeeding 
ones, of which there are at least four or five, are spoken of 
collectively as the hind-brain. The cavities of the vesicles 
remain in communication with one another throughout life, 
and are spoken of in the adult as the ventricles of the brain. 

1. DiBsection of the brain. 

a. The cerebral hemispherer. 

Oently press the hemispheres apart, and note the position 
of the corpus callosum. 

Then, with the hack of a knife, peel off the portion of the 
right hemisphere lying ahove the corpus callosum. Keep the 
brain wet with spirit, 

i. The corpus callosum is a broad horizontal band 

of fibres connecting the two hemispheres, 
ii. The structure of the hemisphere, 
a. The outer layer or cortex is a superficial in- 
vestment of grey matter, about an eighth 
of an inch thick. 
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/3. The central or medullary portion consists of 
white matter, ue. of medullated nerve-fibres. 
The fibres of the corpus callosam spread out 
into, and are continuous with it. 

iii. The lateral ventricle, or cavity of the hemisphere. 

Cut through the corpus callosum on the right side^ so as 
to open the lateral ventricle beneath it. Lift up the corpus 
callosum, and carefully cut it away, so a^ to expose the ven- 
tricle fully, leaving a narrow strip along its inner edge. 

The lateral ventricle, opposite the middle 
of the hemisphere, is wide from side to side, 
but shallow dorso-ventrally. Anteriorly, it 
extends forwards as a narrow vertical slit, 
the anterior comu, which lies nearer the inner 
than the outer surface of the hemisphere. 

Posteriorly, the lateral ventricle curves 
backwards and inwards towards the hinder 
end of the hemisphere as the posterior comu ; 
and from its outer side, a little behind the 
middle of the hemisphere, a descending 
comu runs outwards and downwards, and 
then curves round in the temporal lobe to the 
ventral region, running forwards and inwards 
almost to the anterior end of the lobe, and 
ending opposite the infundibulum. 

Open up the descending comu along its whole length, by 
carefully cutting away the outer and ventral walls of the 
temporal lobe. 

iv. The hippocampus major is a prominent convex 
ridge, projecting into the floor and inner side 
of the descending comu, along its whole 
length. 

V. The corpus striatum is a thickened part of the 
wall of the hemisphere, forming the outer side 
and floor of the anterior part of the lateral 
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ventricle. It lies in firont of the hippocampus 
major, from which it is separated by a deep 
groove, nmning obliquely backwards and out- 
wards across the floor of the ventricle. 

Cut away carefully the outer wall of the anterior comu of 
the lateral ventricle, including the corpus striatum, 

vi. The septum lucidum is the thin vertical inner 
wall of the hinder part of the anterior comu. 
It is placed opposite the corpus striatum, and 
ventral to the corpus callosum. 

vii. The foramen of Monro is a small hole inmie- 
diately beneath the hinder border of the septum 
lucidnm, through which the lateral ventricle 
communicates with the third ventricle, or 
cavity of the thalamencephalon. 

viii. The posterior pillar of the fornix is a narrow 
band, lying along the anterior edge of the 
hippocampus major. Posteriorly it follows 
the hippocampus into the descending comu ; 
while anteriorly it becomes continuous with 
its fellow of the opposite side in the median 
plane, forming the body of the fornix, imme- 
diately above the foramen of Monro. 

ix. The choroid plexus is a thin vascular fold of 
the inner wall of the hemisphere, projecting 
into the descending comu in front of the 
hippocampus major, and closely applied to the 
anterior surface of the latter along its whole 
length. 

X. The ' fifth ventricle * is a median vertical deft 
between the right and left hemispheres. It lies 
below the corpus callosum and above the fornix, 
and is bounded laterally by the inner waUs of 
the two hemispheres (septum lucidum). 

It is merely a part of the space between 
the two hemispheres, partially enclosed by the 
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corpas callosum and the fornix ; and is not, 
properly speaking, a ' ventricle * at all. 

To expose the fifth ventricle from above, ca/refully remove 
the narrow strip of the corpus callosum that has been left 
along the inner side of the hemisphere, and the fifth ventricle 
will be seen as a narrow cleft between the two hemispheres, 

xi. The hippocampal sulcus is a deep groove on the 
surface of the temporal lobe. It gives rise to 
the inwardly projecting fold of the hemisphere 
which forms the hippocampus major. 

Remove the temporal lobe completely, and the hippocampal 
svlcus will be seen on its inner surface. 

b. The fore-brain, or ihalamencephalon. 

i. The optic tbalami are a pair of large lateral 
thickenings of the sides of the fore-brain, 
placed immediately in front of the optic lobes, 
and overlapped by the temporal lobes of the 
hemispheres. They are separated by grooves 
from the corpora striata in front, and the optic 
lobes behind. 

On the outer and ventral surfieu^ of each 
optic thalamus, near its anterior end, is a 
rounded elevation, the corpus geniculatum. 

ii. The optic tracts are a pair of narrow bands, 
which can be traced backwards and upwards 
from the outer ends of the optic chiasma, 
over the surfeuse of the optic thalami, to the 
anterior borders of the optic lobes. 

Take hold of the anterior end of the right optic tract with 
the forceps, and strip it off the optic thalamus, so as to see its 
origin from the optic lobe. 

iii. The velum interpositum is a thin membrane, 
forming the roof of the third ventricle. On 
its upper surfeuse is a plexus of blood-vessels, 
continuous with the choroid plexuses of the 
lateral ventricles. 
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iv. The pinaal body is connected by a. tabular stalk 
with tbe tinder end of the velum interpo- 



Bemove the vehim interpositum, so at to open the third 
ventricle. 

V. The third ventricle, or cavity of the fore-br&in, 
is a median vertical cleft between the optic 
thalami. It is very qutow &om side to side, 
and commnnicates through the foramina of 
Monro with the lateral ventricles. 



Fia. 63.~Lepn( cnnlcnlni, TransyerBe section of the brain, paasiDg 
thioDgh the middle commiMore of the third ventricle. The diading 
iudicates diaeruninatioallj the distribation ot white and grey matter. 
The BeotioD is taken somewhat obliqaelj, ao aa to show diflerent parte 
on the two sides, (a. m. h.) 

A. optic tbulumu, tDrmlap the ilde-inll ot t)ie IMrd nutrlole. B, vtt of 
tbc tblid TEDtrlcIe Ltxm tfa* middle ponunlnun. C, middle cDmiiila«ir«. D. 

■phere. Q, dmwiidtug oornn ot ttK right Utcnl natriole. 



0. The mid-hrain, or mesencephalon. 

i. The omrpora qnadrigemina, or optic lobes, form 
the dorsal portion of the mid-brain, and are 
now well seen. 
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ii. The ernra cerebri form' the base of the mid- 
brain : after removal of the optic tracts they 
can be traced forwards and outwards from 
the anterior border of the pons to the optic 
thalami. 

2. Longitudinal section of the brain (fig. 61, p. 858). 

Divide the brain into right and left halves by a median 
longitudinal section. Place the left half in a small dish of 
spirit, and examine its inner surface. 

If the dissection has been properly performed , the left half 
of the brain mill be uninjured. If it has been danuigedf a 
second brain should be taken^ and bisected as directed above. 

a. The cerebral hemisphere. 

i. The corpus callosum is seen cut across, and its 
boundaries can easily be determined. 

ii. The body of the fornix is a thin median band 
lying below the corpus callosum. It is con- 
tinuous with this latter behind, but in front 
diverges from it considerably, the space 
between the two being the fifth ventricle. 

b. The fore-brain, or ihalamencephalon. 

i. The third ventricle, though very narrow from 
side to side, is of considerable depth from 
the dorsal to the ventral surfebce. Owing to 
its narrowness, its boundaries are difficult 
to determine. 

The outline of the third ventricle can be rendered more 
obvious by adding a little ink or other colouring matter to the 
spirit in which the brain is examined. 

ii. The commissures of the third ventricle are 
three bands of transverse fibres, connecting its 
sides together. Of the three the middle one 
alone really crosses the cavity of the ventricle. 

a. The anterior conmiissure is a small band of 
transverse nerve-fibres, in the substance of 
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the anterior wall of the ventricle, and 
immediately in front of the fornix. 
j3. The middle commiflrare is a very large band 
of fibres, connecting the two optic thalami 
across the yentricle. It is nearly circular 
in outline, and crosses the ventricle about 
its middle, filling up the greater part 
of it 
7. The posterior commissure is a small band of 
transverse fibres in the roof of the hinder 
end of the third ventricle, just in front of 
the optic lobes, 
iii. The velum interpositum is the thin membrane 

which forms the roof of the third ventricle, 
iv. The stalk of the pineal body is a tubular pro- 
longation, upwards and backwards, of the roof 
of the ventricle, just in front of the posterior 
commissure, 
v. The lamina tenninalis is the thin anterior wall 

of the ventricle, 
vi. The optic chiasma is a thickening in the floor 

of the anterior end of the ventricle, 
vii. The infimdibulum is a funnel-like depression of 
the floor of the ventricle, about the middle 
of its length : to its apex the pituitary body is 
attached, 
viii. The corpus albicans is a rounded swelling on 
the ventral surface of the floor of the ventricle, 
in the hinder wall of the infimdibulum. 
ix. The foramen of Monro is a vertical slit-like 
opening at the anterior end of the ventricle, 
between and slightly above the anterior and 
middle commissures. It leads from the third 
to the lateral ventricle. 
X. The anterior pillar of the fornix is a slender 
band of nerve-fibres in the side-wall of the ven- 
tricle, running backwards and downwards 
from the body of the fornix, beneath the 
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middle commiBBare, to the corpus albicans, in 

which it ends, 
c. The mid-brain, or meHnoephaloD. 

i. The Bylvian aqaednct, or iter a tertio ad qnar- 

torn Tsntrionlum, is the cavity or ventricle of 

the midbrain, 
ii. The optic lobes, oi eorpora qnadrigemina, have 

moderately thick walls, and form the roof of 

the Sylvian aquedaot, vrhich is prolonged & 

short distance into them. 
iii. The omra cerebri, which form the floor of the 

Sylvian aqueduct, are of great thickness. 



Q. 64. — Lapu atmlenlni. — Truiaversa section of the brain, pMsing 
through the widest put oF the oeTebeUnm. The alif/iing indioates 
diAgrunmaticftll; the dUtribation of white and grev matter. 

A. nnnU. or middle lobe ol Iht ocRtwUiuii. B, IiMnl lobe al Iba oart- 
VnIoUll TV. (onnh Ttntricle. 

d. The hind>brain. 

i. The tbnrth ventricle, or cavity of the hind- 
brain, is moderately wide from aide to side, 
but shallow from above downwards. It has 
a very thin roof, but thick floor and sides. 

ii. The Td.Qm mednlla anterins, or valve of Vieos- 
sens, is & thin membrane extending from the 
optic lobes to the cerebellum, and forming the 
roof of the anterior half of the fourth ven- 
tricle. 
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iii. The velum mednllsB poiteriiu is a thin mem- 
brane, forming the roof of the posterior half 
of the fourth ventricle. 

iv. The eerebeUnm is attached to the dorsal surface, 
at the junction of the vela medullffi anterius 
and posterius. It consists of an outer layer 
of grey matter, which is very deeply folded, 
and a central much-branched mass of white 
matter, the section having a tree-like appear- 
ance, which has given rise to the name arbor 
vitsB. 

V. The pons Varolii is seen, in transverse section, 
crossing the ventral surface of the anterior 
part of the hind-brain, opposite the velum 
moduli® anterius. 

8. Transverse sections of the brain. 

If another brain can be obtained, it should be cut with a 

razor into a series of transverse sections, about an eighth of 

an inch thick, and the sections arranged in order in a dish of 

spirit. 

Such a series of sections affords very instructive 

views of the mutual relations of the several parts of 

the brain. 



367 I 



Chapter XIV. 

THE SKELETON OF THE FOWL. 
Gallus bankiva, var. domestictis. 

The fowl's skeleton is, on account of its larger size, more con- 
Tenient for stady than that of the pigeon. The differences 
between the two are of but slight importance, and the following 
description will practically apply to either. 

The bird's skeleton consists essentially of. the same parts 
as the rabbit's, but presents certain special characteristics, of 
which the more important are : (1) the great lightness of all 
the bones, many of which contain large air-cavities ; (2) the 
marked tendency of bones, primitively distinct, to fuse with 
one another in the adult ; (8) the modifications in the limb- 
girdles and limbs, fitting it for flight and bipedal locomotion. 

As in the case of the rabbit's skeleton, the names of the 
membrane-bones are printed in italics, those of the cartilage- 
bones in thick type. 

I. THE AXIAL SKELETON. 

The axial skeleton, as in other vertebrates, is divisible into 
akull and vertebral column. 

A. The Vertebral Column. 

As compared with the rabbit's, the vertebral column of 
the bird is distinguished by, (1) the great length and flexibility 
of the neck, the cervical portion being nearly equal in length 
to the whole of the rest of the column ; (2) the rigidity of the 
thoracic and abdominal portions of the column, owing to the 
fusion of their component vertebr® ; (8) the great length of 
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the vertebral column, with which the pelvis is connected ; 
(4) the small number of the caudal vertebrce, and the fusion 
of the posterior ones to form the pygostyle ; (5) the absence 
of epiphyses. 

The column may be divided into cervical, thoracic, sacral, 
and caudal regions ; the boundaries between these being 
ill-defined, and the sacral portion being further divisible into 
three sub-sections. 

1. The cervical vertebrss. The distinction between cervical 
and thoracic vertebrsB is an arbitrary one, of no mor- 
phological value, and is not easy to determine in 
the fowl. It is usual to count as the first thoracic 
vertebra, the most anterior one which bears a rib 
articulating with the sternum, and to name all the 
vertebrsB in front of this one cervical. Beckoned in 
this way there are sixteen cervical vertebrce, the two 
hindmost of which bear well-developed and movably 
articulated ribs, which, however, do not reach the 
sternum. 

In the following description the vertebral column 
is supposed to be placed horizontally. 

a. A typical cervical vertebra : any one from the sixth 
to the tenth. 

The parts of the vertebra are the same as in the 
rabbit, except that there are no terminal epiphyses. 
The chief peculiarities are the following : — 

i. The vertebra is very long and light, as compared 
with the cervical vertebra of a rabbit. 

Pzo. 65.— Oallni l>ankiva, var. domeiticai. The left half of the skeleton. 
The skull, vertebral oolomn, and stemmn are bisected in the median 
plane, (c. h. h.) 

A, aoetabolum. B. oerebnU fonsa. CB, cerebellar fossa. CIi. claTicle. 
CO> ooraooid. CSL, oerrlcal rib. C 1. first cerrioal TertebtiL X*B, femur. 
HG. hTpocleldltm. HIT, hamems. HY. hyold. IF. illo-ecUtio foramen. 
TT. , ilinm. IBi Ischium. I«, lacrymal bone. MC8, metacarpal bone of 
third digit. MN, mandible. MS, metoeteon. MT, tarso-metatarsos. 
MTl, metatarsal bone of first digit. If, nasal bone. OP, opUo foramen. 
P.premazllla. PB, pnbes. PIi, palatine bone. PY, pygostyle. B,radin8. 
BO, radial carpal bone. 8, keel of the stemnm. 80. scapula. T, tlbio- 
tarsQs. TH 4, fourth thoracic rertebra. T7, nlna. UO, ulnar carpal bone. 
UP. uncinate process of rib. Z. infra-orbital bar. 

1. 2, 8, 4, the flr»t, second, third, and fourth digits. 

B B 
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ii. The centrum is slender. The terminal arti- 
cular snrlGboes are saddle-shaped, the anterior 
one being convex from above downwards, 
and concave from side to side; while the 
posterior sarflEkce, which is larger and more 
prominent, is concave from above downwards, 
and convex from side to side. These saddle- 
shaped articular surfaces are very character- 
istic of the cervical vertebrse of birds. 

iii. The neural arch is shorter than the centrum, 
and deeply notched in the middle line, both 
in front and behind. The neural arch is also 
notched behind, on both sides, for the passage 
of the spinal nerves. 

iv. The neural spine is rudimentary in the middle 
cervical vertebrsB. 

V. The transverse processes and cervical ribs. At 
the anterior end of the vertebra an irregular 
process projects outwards at each side, which 
is perforated at its base by a large foramen, 
and is produced at its hinder border into a 
sharp, backwardly directed process. 

This process is really a rib, which, as in 
the cervical vertebrsB of the rabbit, is fused 
with the vertebra ; the foramen at its base, 
which transmits the vertebral artery, corre- 
sponding to the notch between the capitulum 
and tuberculum of the rib. 

vi. The zygapophyses. 

The anterior zygapophyses are borne on 
the upper surfaces of the transverse processes : 
their articular surfaces are flat, and look up- 
wards and inwards. 

The posterior zygapophyses project back- 
wards from the posterior border of the neural 
arch, their articular surfaces looking down- 
wards and outwards. 
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b. The atlas, or first vertebra, is very short and ring- 
like. Its ventral portion is thickened, resembling 
a centrum, and is notched above to receive the 
odontoid process of the axis : its anterior snrfiEU^e 
is deeply cupped to articulate with the occipital 
condyle of the skull. The posterior border of 
the neural arch is produced backwards into zyg- 
apophyses, articulating with the second vertebra. 

€. The axis or second vertebra is, with the exception 
of the atlas, the smallest of the series : it has a 
blunt neural spine, but no transverse processes, 
and no ribs. The centrum is produced in front 
into the slender odoiitoid process. 

d. The remaining cervical yertebrsD. The third and 
fourth cervical vertebrse are shorter than, the 
succeeding ones, and have short thick ribs, and 
lateral wing-like ridges placed obliquely along 
their sides. The middle cervicals are the longest 
of the series, and the hinder ones are shorter and 
more massive. The last cervical vertebra is fused 
with the first thoracic. 

The neural spines are present, though small, 
in the anterior cervical vertebrsB ; well developed 
in the hinder ones, but almost absent in the 
middle of the region. 

The hypapophyses are well developed in the 
hindmost half-dozen cervical vertebrsB. 

The ribs are more than half the length of 
the vertebrsB in the middle of the neck, but are 
blunt and inconspicuous in the twelfth to the four- 
teenth vertebrsB. In the fifteenth the ribs are 
well developed, and movably articulated with 
the vertebra ; and in] the sixteenth they are still 
larger, and resemble the thoracic ribs, but do not 
meet the sternum. 

2. The fhoracic vertebrsB are five in number. The three 
anterior ones are fused together and with the last 

BB 2 
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cervical vertebra ; their centra, arches, and various 
processes being confluent, and the neural spines and 
hypapophyses forming continuous dorsal and ventral 
ridges. 

The fourth thoracic vertebra is free; and the 
fifth is fused with the first sacral vertebra, its trans- 
verse processes abutting against and fusing with the 
ilia. 

8. The sacrum consists of fourteen or fifbeen vertebrsB, fused 
together and supporting the ilia. It may be divided 
into the following regions. 

a. The three anterior sacral vertebrsB are firmly fused 

together, and with the last thoracic vertebra. 
They have stout transverse processes, which abut 
against the ilia, and which in the first one or 
two are single, but in the third are divided into 
dorsal and ventral portions, the latter being very 
stout and projecting directly outwards from the 
broad centrum. The neural spines of these ver- 
tebrae are fused to form a vertical crest of bone, 
which is continuous in front with that of the last 
thoracic vertebra, and fused along its edge with 
the dorsal edges of the ilia. 

b. Behind these come four or five shorter vertebr®, 

with broad centra fused together. Their trans- 
verse processes, which have no ventral elements, 
are firmly connected together to form bony 
plates, which support the ilia along their outer 
margins. 

Between the bodies of these vertebrsB and the 
ilia, are the deep hollows in which lie the middle 
lobes of the kidneys. 

c. Next come seven vertebrae, the centra of which are 

compressed laterally in the anterior ones, and 
dorso-ventrally in the hindmost two or three. 
The transverse processes, except in the last, are 
double ; the dorsal elements fusing to form bony 
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plates, continuous with those of the vertebras 
in front of them. The ventral elements of the 
transverse processes are rod-like in the case of 
the first four or five vertebrse, and are regarded 
as ribs, because they ossify independently of the 
centra : in the hinder vertebrae they are smaller. 
The first pair of these ribs are much stouter than 
the rest : they are placed in the adult opposite 
the acetabula, with which they are connected by 
bony ridges running across the inner sur&ces of 
the ilia, and separating the fossae for the middle 
and posterior lobes of the kidneys from each 
other. In the embryo, and in the young chick, 
these ribs are some distance behind the aceta- 
bula, and are no larger than those of the 
succeeding vertebrae. 

It is very doubtful how many of these vertebrae, 
and which ones, correspond to the sacral vertebrae of 
other vertebrates, usually two in number. Huxley 
considers that group (b) are the true sacral vertebrae, 
on the ground that the spinal nerves associated with 
them unite to form the sacral plexus. Gegenbaur 
and others hold that two or more of the vertebrae in 
group (c) are the true sacral ones, on account of their 
possessing separately ossified ribs. 

4. The caudal vertebraB consist of four or five free ones, 
and a terminal pygostyle. This latter, which sup- 
ports the rectrices, or tail feathers, is much larger 
than the others, and triangular in shape. It is 
formed by the fusion of a number of vertebrae, which 
are distinct in the embryo. 

B. The Bibs and Sternum. 

1. The ribs. 

a. The cervical ribs. As already noticed, the last two 
cervical ribs of each side are alone movably arti- 
culated, the remainder being fused with the trans- 
verse processes of the corresponding vertebrae. 
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Of these two, the first is small, but has distinct 
capitular and tubercular articulations : the second 
is larger and bears on its posterior border a back- 
wardly projecting undnate process, which over- 
laps the next rib. 

b. The thoracic ribs are five on each side, and slightly 
increase in size from before backwards: each 
consists of vertebral and sternal portions, meeting^ 
at an angle. 

i. The vertebral portions are flattened and sHghtly 
curved bars of bone, which articulate by capi- 
tular and tubercular surfaces with the centra 
and transverse processes of their respective 
vertebras. Uncinate processes project back- 
wards from the posterior borders of all, except 
the last, or sometimes the last two. 

ii. The sternal portions are slender, nearly straight 
rods of bone, which run forwards and down- 
wards, from their junctions with the vertebral 
portions, to the side of the anterior part of 
the sternum, with which they articulate. 

2. The sternum, or breastbone, is very large, and projects 
back far beyond the ribs, and over the greater part 
of the wall of the abdomen. Its ventral surface is 
raised into a prominent vertical crest or keel, which 
gives origin to the muscles of flight. 

i. The body of the sternum is a somewhat spoon- 
shaped plate of bone : it is wide and stout 
in front, and perforated on its concave dorsal 
surface by apertures, through which the air- 
sacs communicate with the cavity of the bone : 
it is narrow in the middle portion of its lengthy 
but widens somewhat behind. 

ii. The manubrium is a small vertical plate of bone^ 
projecting from the anterior end and ventral 
surface of the body. 

iii. The carina, or keel, is a very prominent triangular 
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crest, projecting downwards from the ventral 
surface of the sternum, and slightly thickened 
along its anterior border, which is concave. 

iv. The metostea are a pair of large processes, pro- 
jecting backwards from the sides of the anterior 
end of the body of the sternum. Each divides, 
close to its origin, into two large flattened 
processes, the external and middle xiphoid 
prooesBes, which are expanded at their hinder 
ends. 

V. The costal surfaces are the lateral borders of the 
body, in front of the metostea : they are notched 
for the sternal ends of the ribs. 

vi. The costal processes project forwards and out- 
wards, in front of the costal surfaces. 

vii. The coracoid grooves are a pair of deep trans- 
verse grooves at the anterior end of the body, 
continuous with each other, across the median 
plane, through a hole in the base of the manu- 
brium. With them the ventral ends of the 
coracoid bones articulate. 

C. The Skull. 

The chief characteristics of the bird's skull are: — (1) its 
great lightness ; (2) the very marked tendency of the bones 
of the cranium to fuse together, most of the cranial sutures 
being closed, and the outlines of the bones obliterated, by the 
end of the first year ; (8) the large size of the orbits, which 
are separated from each other by a thin vertical interorbital 
septum ; (4) the prolongation of the face forwards into a long 
conical toothless beak. 

The skull consists of the same essential parts as that of 
the rabbit, from which, however, it differs in the following 
important points : (1) there is only a single occipital condyle, 
for articulation with the atlas vertebra ; (2) the base of the 
skull is strengthened by a large membrane-bone, the basi- 
temporal ; (8) the orbits are placed almost entirely in front of 
the cranium, instead of below it, and are separated from 
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each other only by the thin interorbital septum ; (4) the 
lower jaw ie connected with the squamosal by a movably 
articulated bone, the qoadrate, which probably corresponds 
to either the incus or the malleuB of the rabbit ; (5) there 
is only a single auditory ossicle, the columella ; (6) there are 
no teeth. 

The fowl's skull may be readily divided into cranial and 
facial portions which arc loosely connected together, and 
capable of slight movement upon each other. The cranial 
portion consists of the cranium proper, or brain-case, and the 
auditory capsules : the facial part is formed by the jaws and 
the olfactory capsules. 



— QUlu twnkivft. The skull from the right Bide. (*. h 
j^, maddible. AT,» 

of troutal Imtie. Q, Mprs-angului. 
L. J, junl. L, lurynu]. M, duxHIl 
ilLlih fir. nusKl. OF. optls lonuneD. 



1. The cranial portioit of the skoll is a somewhat conical 
box of bone, the base of which forms the hinder end 
of the skull, the apes being directed forwards. In 
the youDg skull the outlines of the component bones 
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can be readily followed, but in tbe adult they are in- 
distinguisbable. Tbe following are tbe main points 
to be noticed. 

a. Tbe hinder end of the cranium. 

i. Tbe foramen magnum is a large, nearly circular 
aperture, in tbe middle of tbe posterior end of 
tbe skull, tbrougb wbicb tbe spinal cord enters 
tbe cranial cavity. 

ii. Tbe occipital condyle is a rounded knob, im- 
mediately below tbe foramen magnum, into 
wbicb it projects slightly. It is notched in 
tbe mid-dorsal line, and has below it a deep 
pit-like depression. 

iii. Tbe foramen of exit for the hypoglossal nerve, 
on each side, is a small aperture, immediately 
to tbe outer side of tbe occipital condyle, and 
slightly ventral to it. 

iv. Tbe foramen of exit for the pneumogastric and 
glosso-pharyngeal nerves, on each side, is a 
larger bole, about an eighth of an inch to tbe 
outer side of that for the hypoglossal nerve, 
and midway between the condyle and the rim 
of the tympanic cavity. 

V. To tbe outer side of tbe above foramen, and 
between it and tbe tympanic rim, is a group 
of three or four larger holes : some of these 
lead into the tympanic cavity ; while tbe most 
ventrally situated one is the entrance to tbe 
carotid canal, which traverses the base of the 
skull, and lodges the carotid artery. 

vi. Tbe lambdoidsd crest is a prominent ridge of 
bone surrounding the dorsal half of tbe hinder 
end of the skull, and separating tbe occipital 
from the parietal region. 

h. The ventral surface of the cranium. 

i. The base of the skull is wide behind, where it is 
covered by tbe broad transverse basi- temporal. 
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the vertebral column, with which the pelvis is connected ; 
(4) the small number of the caudal vertebrsB, and the fusion 
of the posterior ones to form the pygostjle ; (5) the absence 
of epiphyses. 

The column may be divided into cervical, thoracic, sacral, 
and caudal regions; the boundaries between these being 
ill-defined, and the sacral portion being further divisible into 
three sub-sections. 

1. The cervical vertebrsB. The distinction between cervical 
and thoracic vertebrae is an arbitrary one, of no mor- 
phological value, and is not easy to determine in 
the fowl. It is usual to count as the first thoracic 
vertebra, the most anterior one which bears a rib 
articulating with the sternum, and to name all the 
vertebrsa in front of this one cervical. Beckoned in 
this way there are sixteen cervical vertebra, the two 
hindmost of which bear well-developed and movably 
articulated ribs, which, however, do not reach the 
sternum. 

In the following description the vertebral column 
is supposed to be placed horizontally. 

a. A typical cervical vertebra : any one from the sixth 
to the tenth. 

The parts of the vertebra are the same as in the 
rabbit, except that there are no terminal epiphyses. 
The chief peculiarities are the following : — 

i. The vertebra is very long and light, as compared 
with the cervical vertebra of a rabbit. 

Fio. 65.— Oalliu bankivs, var. domestieui. The left half of the skeleton. 
The skull, vertebral column, and sternum are bisected in the median 
plane, (o. h. h.) 

A* aoetabalmn. B, oerebiml foma. OB, cerebelltf fosaa. OIj. olftTicIe. 
OOt ooncold. CBt cervical rib. 1< first cerrlcal rertebra. ITIS, femur. 
HOi hTpooIelditm. HIT, hnmenu. HT. hyoid. IF, ilio-«ciatio foramen. 
TTm, ilium. IB, iflohlum. Ii, lacrrmal bone. MO 8, metacarpal bone of 
third digit. MN, mandible. MS, metoeteon. MT. tano-metatamu. 
MTI, metatarsal bone of first digit. N, naaal bone. OF. optio foramen. 
F.premazUla. PB.pnbes. FIj, palatine bone. FY, pygoetyle. B,radlaa. 
BO, radialparpal bone. B, keel of the stemom. 80. acapnia. T, tibio- 
tanufl. TH 4. fourth thoracic rertebra. U, ulna. UO, nlnar carpal bone. 
UP, uncinate process of rib. Z, infra-orbital bar. 

1, 2, 8, 4, the first, second, third, and fourth digits. 

B It 
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the vertebral column, with which the pelvis is connected ; 
(4) the small nmnber of the caudal vertebrsa, and the fusion 
of the posterior ones to form the pjgostyle ; (6) the absence 
of epiphyses. 

The column may be divided into cervical, thoracic, sacral, 
and caudal regions; the boundaries between these being 
ill-defined, and the sacral portion being further divisible into 
three sub-sections. 

1. The cervical vertebrsB. The distinction between cervical 
and thoracic vertebrsB is an arbitrary one, of no mor- 
phological value, and is not easy to determine in 
the fowl. It is usual to count as the first thoracic 
vertebra, the most anterior one which bears a rib 
articulating with the sternum, and to name all the 
vertebrsB in front of this one cervical. Beckoned in 
this way there are sixteen cervical vertebrae, the two 
hindmost of which bear well-developed and movably 
articulated ribs, which, however, do not reach the 
sternum. 

In the following description the vertebral column 
is supposed to be placed horizontally. 

a. A typical cervical vertebra : any one from the sixth 
to the tenth. 

The parts of the vertebra are the same as in the 
rabbit, except that there are no terminal epiphyses. 
The chief peculiarities are the following : — 

i. The vertebra is very long and light, as compared 
with the cervical vertebra of a rabbit. 

Fio. 65.— Oalliu bankiTa, var. domestieui. The left half of the skeleton. 
The skull, vertebral ooltimn, and stemom are bisected in the median 
plane, (o. h. h.) 

A* aootabolmn. B, cerebiml foma. OB, cerebellar foeaa. Qli, c layide. 
OO, ooiBooid. CBi oerrical rib. 1. first cerrlcal rertebra. FXS, femur. 
HO. hTpocleiditm. HIT, homeroB. HY. hyoid. IF, ilio-aciatio foramen. 
TT., ilium. IB, ischium. I«, lacrjmal bone. MO 8, metacarpal bone of 
third digit. MN. mandible. MB, metosteon. MT, tano-metatamu. 
MT 1, metatarsal bone of first digit. N, naaal bone. OF, optio foramen. 
F,premazUla. FB.pubes. FIj, p«lAtine bone. FY, pygoatyle. B,radiiu. 
BO, radial carpal bone. B, keel of the stemam. SO. scapula. T, tibio- 
tarsns. TH 4. fourth thoracic rertebra. U, ulna. UO, ulnar carpal bone. 
UF, uncinate process of rib. Z, infra-orbital bar. 

1, 2, 8, ^ the fir«t, second, third, and fourth digits. 

B It 
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the vertebral column, with which the pelvis is connected ; 
(4) the small number of the caudal vertebrsB, and the fusion 
of the posterior ones to form the pygostyle ; (5) the absence 
of epiphyses. 

The column may be divided into cervical, thoracic, sacral, 
and caudal regions; the boundaries between these being 
ill-defined, and the sacral portion being further divisible into 
three sub-sections. 

1. The cervical yertebrsB. The distinction between cervical 
and thoracic vertebrsa is an arbitrary one, of no mor- 
phological value, and is not easy to determine in 
the fowl. It is usual to count as the first thoracic 
vertebra, the most anterior one which bears a rib 
articulating with the sternum, and to name all the 
vertebrsa in front of this one cervical. Beckoned in 
this way there are sixteen cervical vertebrsB, the two 
hindmost of which bear well-developed and movably 
articulated ribs, which, however, do not reach the 
sternum. 

In the following description the vertebral column 
is supposed to be placed horizontally. 

a. A typical cervical vertebra : any one from the sixth 
to the tenth. 

The parts of the vertebra are the same as in the 
rabbit, except that there are no terminal epiphyses. 
The chief peculiarities are the foUowing : — 

i. The vertebra is very long and light, as compared 
with the cervical vertebra of a rabbit. 

Yia, 65.— Oalliu bankiTa, var. domestieiu. The left half of the skeleton. 
The skull, vertebral ooltimn, and stemom are bisected in the median 

plane, (o. h. h.) 

A* ftoetabalam. B, ceKbiml foma. OB, cerebellar fbeaa. CTj, clftTlcIe. 
OOt ooiBooid. CBt eerrl oal rib. 1. first cerrlcal rertebim. FA, femur. 
HO, bTpocleidlan. HIT, hnmeniB. HT, hyoid. IF, lUo-edfttic foramen. 
TTm, ilium. IS, iichinm. Ii, lacrymal bone. MO 8. metacarpal bone of 
third digit. MN, mandible. MB, metotteon. MT. tano-metatamu. 
MTI, metatarsal bone of first digit. N, naaal bone. OF, optio foramen. 
P,premazUla. PB.pnbes. PIj, palatine bone. FY,pTgoatyle. B,radiiu. 
BO, radial carpal bone. 8, keel of the stemom. SO. scapula. T. tibio- 
tarsus. TH4, fourth thoracic rertebra. U, nlna. UO, ainar carpal bone. 
UP, uncinate process of rib. Z, infra-orbital bar. 

1, 2, 8, 4, the first, second, third, and fourth digits. 

B It 
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the outer side of the distal end of the quadrate. 
In front it extends forwards as fiar as the 
maxilla, being overlapped for a considerable 
part of its length by the jugal. 

€. The mandibular arch is divided into two portions 
of very unequal length, placed almost at right 
angles to each other. The proximal part is the 
quadrate bone, which connects both the upper 
and lower jaws with the cranium : the distal por- 
tion, forming the lower jaw, is of much greater 
length, is fused with its fellow in front, and is 
composed of several bones firmly united together. 

i. The quadrate, which forms the suspensorium, is 
a stout triradiate bone. Its proximal or dorsal 
arm articulates with a cup-like depression in 
the squamosal, at the anterior and upper border 
of the tympanic cavity, between this and the 
base of the zygomatic process. 

The distal or ventral arm, which is the 
stoutest of the three, is expanded transversely 
at its lower end, and forms the articular 
surface for the lower jaw : it also articulates 
at its outer edge with the quadrato-jugal, and 
along its inner margin with the pterygoid. 

The third or anterior arm of the quadrate 
is a more slender process, which projects for- 
wards and inwards into the hinder part of the 
orbit, lying parallel to and above the pterygoid. 

ii. The mandible is a long, laterally compressed 
plate of bone, thickened and expanded at its 
hinder end, where it articulates with the quad- 
rate, and firmly united with its fellow in the 
median plane in front to form the lower jaw. 
Like the upper jaw, it bears no teeth, but is 
covered by a homy epidermic sheath. 

The mandible really consists of five bones^ 
one of which is developed in the primary 
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cartilaginous arch, while the others are 
formed around it. 

a. The articular forms the expanded posterior 
end of the mandible. On its dorsal surface 
is the elongated and slightly concave arti- 
cular surface for the quadrate : behind this 
the bone is produced backwards and upwards 
into the curved posterior articular process ; 
and on the inner side into a similar but 
stouter internal articular process. 

The articular is continuous in front 
with Meckel's cartilage, the cartilaginous 
bar of the mandibular arch, which persists, 
even in the adult, along the greater part of 
the length of the mandible, ensheathed in 
membrane-bones. 

/3. The angular is a splint-like bone which 
underlies the articular, and extends for- 
wards along the ventral edge and inner 
surface of the proximal half of the lower 
jaw. 

y. The supra^angular forms the dorsal part of 
the posterior third of the mandible, along 
both outer and inner surfeMses. Its dorsal 
border is raised into a small coronoid pro- 
cess, about the middle of its length. 

9. The dentary is the largest of the bones of 
the jaw, and forms the distal half of each 
ramus : it is fused with its fellow in front 
at the symphysis ; and posteriorly it extends 
back along the ventral border of the supra- 
angular, between this and the angular, ad 
fjftr as the articular. 

c. The gpUnial is a thin lamina of bone, applied 
to the inner surface of the jaw, along the 
middle half of its length. 
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d. The eolnmella and the hyoid apparatus. These 
may conveniently be considered together, as the 
columella is, according to most authorities, the 
uppermost part of the hyoid arch, just as the 
quadrate is of the mandibular. 

i. The oolumella is a minute and slender rod of 
bone, the proximal end of which is expanded 
into an oval plate, fitted into the fenestra 
ovalis of the tympanic cavity; while the 
outer or distal end, which is cartilaginous and 
divided into three diverging arms, is attached 
to the tympanic membrane. It serves to con- 
vey the sound-vibrations from the tympanic 
membrane to the membrane closing the 
fenestra ovalis, and so to the internal ear. 

Owing to its small size and slight attach- 
ment, the columella is often lost in macerated 
skulls : it may, however, sometimes be found 
projecting from the fenestra ovalis. 

ii. The hyoid apparatus is a bony framework, lying 
in the floor of the mouth, and supporting the 
tongue. It consists of a median jointed rod 
of bone and cartilage, formed of glosso-hyal, 
basi-hyal, and basi-branohial ; to the sides of 
which are attached in front the short oerato- 
hyals, and further back, the elongated and 
jointed thyro-hyals, the ventral portions of 
the first branchial arches. 



II. THE APPENDICULAB SKELETON. 

A. The Pectoral Oirdle. 

The pectoral girdle is stout, and is firmly connected with 
the sternum to give support to the wings. It differs markedly 
from that of the rabbit in the large size of the coracoid, 
which is almost perpendicular to the scapula ; and in the 
completeness of the clavicle. 
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i. The scapula is a long flattened blade-like bone, 
which in the natural condition of the parts 
lies above the ribs, a short distance from and 
almost parallel to the vertebral column. It 
is connected by muscles with both the ribs 
and the vertebrae. Its anterior end, which 
is expanded and firmly connected with the 
coracoid, bears on its outer surfiEKse a shallow 
depression, forming part of the glenoid cavity ; 
and is produced forwards, at its inner border, 
into a process which helps to form the canal 
for the tendon of the second pectoral muscle. 

ii. The coracoid is a stout straight bone, running 
from the shoulder to the anterior end of the 
sternum. Its upper end is connected behind 
and at its inner side with the scapula, and 
bears on its outer surface a cup-shaped de- 
pression, which forms the greater part of the 
glenoid cavity. 

Above the glenoid cavity, the coracoid is 
produced upwards and inwards into a strong 
process, which, with the corresponding process 
of the scapula, completes the fbramen trios- 
seum through which the tendon of the second 
pectoral muscle passes to its insertion into 
the back of the humerus. This process also 
articulates with the clavicle. 

The lower end of the coracoid is broad and 
flattened, and bears a transversely elongated 
Burfiaice, articulating with the anterior end of 
the sternum, 
iii. The elavieles are a pair of slender curved bones, 
whose upper ends are slightly expanded, and 
connected, as described above, with the cora- 
ooids ; while their lower ends are fused together 
to form a median, laterally compressed plate. 
The two clavicles together form the fiir- 
cula or ' merrythought.' 

cc2 
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B* The Fore-Idmb or Wing. 

The wing of the bird corresponds to the fore-limb of thd 
rabbit, bnt differs from it in several respects, the more im* 
portant of which are, (1) the complete absence of the two 
outer digits ; and, (2) the fasion of the distal row of carpal 
bones with the three persistent metacarpals to form a com- 
pound bone, the carpo-metacarpus. 

When the wing is extended for flight its surfaces and 
borders correspond to those of the primitive vertebrate limb, 
the preaxial border being directed forwards, the postaxial 
backwards, and the dorsal and ventral surfeMses upwards and 
downwards respectively. When the wing is folded, in the 
position of rest, the three main divisions — arm, fore-arm, and 
hand — are bent on each other like the letter Z> the elbow 
pointing backwards, and the wrist forwards. Owing to a 
slight rotation at the shoulder-joint, and a slight obliquity of 
the elbow-joint, the dorsal surfckce of the arm now looks 
inwards and upwards; that of the fore-arm outwards and 
slightly upwards ; while in the hand, which is bent on the 
fore-arm in a position of extreme abduction, the dorsal sur* 
fiance looks almost directly outwards. 

1. The arm has only a single bone. 

i. The humerus is an elongated, slightly curved 
bone, expanded at both ends. 

The proximal end, or head, presents a 
large, convex, vertically elongated surface for 
articulation with the glenoid cavity, bordered 
by two tuberosities, which are preaxial and 
postaxial respectively. 

The preaxial tuberosity is small, but is 
continued along the bone as the prominent 
forwardly directed deltoid ridge: this gives 
insertion to the great pectoral and deltoid 
muscles ; while a small tubercle at its proximal 
end, and slightly on the extensor surfeuse, 
marks the insertion of the tendon of the second 
pectoral muscle, or elevator of the wing. 
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The postaxial or greater tuberosity is much 
larger, and has on its extensor surfiEu^e a deep 
pit, the pneumatio foramen, leading to an air- 
cavity in the shaft of the bone. 

The distal end of the humerus bears a 
trochlear articular surface for the radius and 
uhia ; the radial surface being preaxial, and 
placed obliquely to the long axis of the bone ; 
the ulnar surface being postaxial, and trans- 
verse to the axis. 

% The fore-arm has two bones, which are separate from 
each other along their whole length. 

i. The radius is slender and nearly straight. Its 
proximal end, or head, presents a terminal 
cup- shaped articular surfsice for the preaxial 
condyle of the humerus ; and its distal end 
articulates with the carpus. 

ii. The ulna is rather longer and much stouter 
than the radius, and is slightly curved. Its 
proximal and larger end has a large articular 
surfeuse for the postaxial tubercle of the 
humerus, beyond which it projects as the 
blunt olecranon process. Its distal end arti- 
culates with the carpus, and with the radius. 

d. The wrist consists, in the embryo, of two rows of oarpals, 
a proximal row of two and a distal row of three. Of 
these the two proximal carpals persist in the adult, 
while those of the distal row fuse with the meta- 
carpals to form the compound carpo-metacarpus. 

a. The proximal row of carpals consists of two small 
irregular bones. 

i. The radiale lies between the end of the radius 

and the manus. 
ii. The ulnare is a larger, more irregular bone, 

which articulates proximally with the ulna, 
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and is notched distally to receive the carpo- 
metacarpus. It is very freely movable. 

4. ThemannB. Lithe embryo there are four separate meta- 
carpals, corresponding to those of the thumb and 
next three digits of man. In the adult the first three 
fuse together, and with the distal row of carpals, to 
form the carpo-metacarpus ; while the fourth either 
disappears completely, or, according to some autho- 
rities, fuses with the third. 

a. The carpo-metacarpus is an elongated bone, in which 

the three component metacarpals can readily be 
distinguished. 

i. The first metacarpal, belonging to the first digit 
or thumb, is very short and stumpy, forming 
a small projection on the radial side of the 
proximal end of the bone. 

ii. The second metacarpal, that of the second digit 
or fore-finger, is a stout straight bone, enlarged 
at its ends, and giving ofif near its proximal 
end a process from its ulnar side. 

iii. The third metacarpal is slightly curved, and is 
more slender than the second, with which it 
is fased at both ends. 

b. The phalanges. 

i. The pollez, or first digit, has two phalanges, the 

terminal one being small, 
ii. The second digit has three phalanges, the 

proximal one being large and lamellar, and 

the distal one very small. 
iii. The third digit has only a single phalanx. 

C. The Pelvic Girdle. 

The pelvic girdle consists of the same three elements — 
ilium, ischium, and pubes — as the mammalian pelvis, from 
which, however, it differs widely in form. The three component 
bones are firmly united together to form the os innominatum ; 
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and at the junction of the three is the acetabulum, or socket 
for the head of the femur, which is perforated at its bottom. 

i. The ilium is an elongated lamellar bone, which 
extends a considerable distance both in front 
of and behind the acetabulum. Its inner 
border is connected along nearly its whole 
length with the sacral vertebne and their 
processes. The outer surflEu^e of the anterior 
part is concave, that of the posterior part 
convex : the inner surface of the bone forms, 
with the adjacent vertebr®, two deeply concave 
depressions in which lie the kidneys. On the 
outer surfEU^e, immediately behind and above 
the acetabulum, is a projection, the anti* 
troclianter, which bears on its outer surface 
an articular facet for the great trochanter of 
the femur. 

ii. The ischium is a flattened lamellar bone, pro- 
jecting abnost horizontally backwards from 
the acetabulum, of which it forms about a 
third. It is separated from the ilium, just 
behind the acetabulum, by the oval ilio-sciatic 
foramen, behind which the two bones are fused 
together. 

iii. The pubes is a long slender bar of bone, which 
projects downwards and backwards, parallel to 
the lower border of the ischium. It forms a 
very small part of the ventral border of the 
acetabulum, in front of which it extends for- 
wards as a blunt pre-pubic process, corre- 
sponding to the pubes of mammals. 

Behind the acetabulum, the pubes and 
ischium are separated by the slit-like obturator 
foramen, behind which the two bones are 
fused for a short distance. The hinder end of 
the pubes is thickened, and extends some 
distance beyond the ischium. 
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other two at its proximal end, and anterior 
distally. 

At the distal end of the bone, the three meta- 
tarsals separate from one another, and each ends 
in a polley-like surfetce for the corresponding 
digit. 

b. The first metatarsal is incomplete, its distal end 

alone being present. It is a small irregular 
nodule of bone, attached by ligament to the inner 
and posterior surface of the tarso-metatarsus, a 
short distance above its distal end. 

c. The digits. The four preaxial digits are present. 

In many domestic fowls, notably Dorkings, an 
extra or supernumerary toe is present on the 
inner side of the foot. The true fifth, or postaxial 
digit, is always absent. 

i. The hallux, or great toe, is connected with the 
first metatarsal, and directed backwards. It 
consists of two phalanges, the last one bear- 
ing a claw. 

ii. The second toe is directed forwards and slightly 
inwards. It has three phalanges, the last one 
clawed. 

iii. The third toe is the largest, and is directed for- 
wards. It has four phalanges, the terminal 
one clawed. 

iy. The fourth toe is directed forwards and out- 
wards. It has five phalanges, and the distal 
one is clawed. 
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CHAPTER XV. 
DISSECTION OF THE PIGEON. Columba livia. 

BiBDs are in many respects the most highly differentiated 
yertehrates. While agreeing in their essential morphological 
characters with the other air-hreathing vertebrates, and more 
especially with reptiles, they present a number of very special 
characters, chiefly connected with the power of flight. 

The modifications in the skeleton have been noticed in the 
preceding chapter : in the other systems the most noteworthy 
features are : — (1) the development of feathers, which are very 
highly specialised products of the epidermis : (2) the great size 
of the pectoral muscles, by which flight is effected ; (8) the pro- 
longation of the bronchi through the lungs into spacious thin- 
walled air-sacs, lying between the viscera, and prolonged into 
several of the bones ; (4) the persistence of the fourth right 
aortic arch, instead of as in mammals the fourth left, to form 
the arch of the aorta ; (5) the lateral, instead of dorsal, posi- 
tion of the optic lobes of the brain ; and (6) in the female, the 
disappearance, during development, of the ovary and oviduct 
of the right side. 

Physiologically, the most interesting points are : — the high 
temperature of the blood, which exceeds that of mammals, 
varying between 100° and 110° F. in different birds ; and the 
modifications in the mechanism of respiration, expiration 
being the active movement, and inspiration almost purely 
passive. 

Birds are oviparous, and the eggs, which are of large size^ 
are protected by calcareous shells. The eggs are fertilised in 
the upper part of the oviduct before the shell is formed, and 
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lience commence to develop before they are laid. The egg 
contains within itself sufficient nntriment for the development 
of the chick up to the time of hatching : and all that is 
necessary to ensure development is that the egg, after it is 
laid, should be kept at about the temperature of the parent's 
body. This is in most birds effected by incubation, a task 
usually fulfilled by the hen bird, but sometimes wholly or 
in part by the cock. 

Pigeons should be killed with chloroform, otherwise the 
lice with which they are invariably infested may prove a great 
nuisance. Before the dissection is commenced, the bird should 
be thoroughly plucked, with the exception of one of the wings, 
on which the feathers Tnay be left till later, 

I. EXTERNAL CHARACTERS. 

Excepting the lower joints of the legs and the toes, nearly 
the whole surface of the body is covered with feathers. 

A. The Main Divisions of the Body. 

1. The head is elongated antero-posteriorly, and produced 

in front into a pointed beak, encased in a homy 
epidermal sheath. 

At the base of the upper beak is a naked swollen 
patch of skin, the cere. 

At the sides of the head are the large eyes, each 
provided with upper and lower eyeUds, and with a 
well-developed third eyelid, or nictitating membrane, 
a semi-transparent fold of skin which can be flicked 
across the eye from its anterior angle with great 
rapidity. 

2. The neck is very long and flexible. 

S. The trunk is deep dorso-ventrally, and somewhat com- 
pressed from side to side. Along the mid-ventral 
line is a prominent ridge, formed by the ventral 
border of the carina, or keel of the sternum. 

Posteriorly the trunk ends in a short blunt tail. 
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B. The Idmbs. 

1. The wing. 

Identify the several bones of the wing by feeling them 
through the skin. Note also the varying positions of the sur^ 
faeces of the several divisions of the wing, when it is extended 
and folded respectively (p. 888). 

The ala spuria, or bastard wing, is a small tuft 
of feathers attached to the phalanx of the first digit. 

2. The leg. 

The toes and the tarso-metatarsal region are, ex- 
cept in some domesticated breeds, devoid of feathers 
and covered with large homy epidermal scales. The 
ends of the toes are provided with homy claws. 

C. The Feathers. 

The possession of feathers, which are specially modified 
epidermal structures, is one of the most characteristic features 
of the bird. 

1. Structure of a feather. 

PtUl out one of the large feathers from the wing or tail; 
and note in it the following points, 

a. The scapus, or stem, is a stiff axial rod, running 
the whole length of the feather. It consists of 
two dissimilar portions. 

i. The calamus, or quill, is the tubular, semi- 
transparent proximal portion, the base of 
which is inserted in the skin. At the 
proximal end of the quill there is a small 
aperture, the inferior umbilicus ; and at its 
distal end, between the quill and the vane, 
there is a second aperture, the superior 
umbilicus. 

ii. The rachis, or shaft, is the distal soUd portion 
of the stem. It is a tapering, flexible, elastic 
rod, square in transverse section, and grooved 
along its ventral surface. 
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b. The vezOlnm, or vane, is the flattened portion of the 

feather, attached along the sides of the rachis. 
It is made up of harbs and barbules. 

i. The barbs are a series of narrow, elastic laminse, 
attached by their bases along the two sides of 
the rachis. 

ii. The barbules are much smaller processes, which 
form fringes along the sides of the barbs : thej 
bear booklets, which hold together the adja- 
cent barbs, and so give the feather that resist- 
ance to the air on which the bird's power of 
flight depends. 

c. The after-shaft is a miniature feather, attached to 

the ventral surface of the base of the rachis, and 
overhanging the superior umbilicus. It is usually 
very small, but is in some birds as large as the 
primary feather. 

2. Varieties of feathers. 

a. The quill feathers are the large feathers of the wings 
and tail : they are of two kinds, 
i. The remiges, or wing-quills, have the inner or 
posterior half of the vane much broader than 
the outer or anterior half. They are divided 
into groups in accordance with the bones to 
which they are attached (flg. 67, p. 406). 

The primary quills are those attached to 
the bones of the manus. They are eleven in 
number, of which six are attached to the 
second metacarpal, and are hence called meta- 
carpal quills: one, ad-digital, is attached 
to the phalanx of the third digit ; two, mid- 
digital, to the proximal phalanx of the second 
digit ; and two, pre-digital, one of which is 
small, are attached to the distal phalanx of 
the second digit. 

The secondary quiUs are those attached to 
the ulna. 
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ii. The rectrices, or tail-quills, have the two halves 
of the vane ahout equal in size. They are 
used by the bird for steering during flight. 

They are twelve in number in the wild 
rock-pigeon, but vary in domestic breeds. 

b. The coverts are the smaller feathers which cover the 

bases of the quills of the wings and tail. 

c. The contour feathers are the short soft feathers 

covering the body generally. The barbules are 
less perfectly developed than in the quill-feathers, 
so that the barbs readily separate from one an- 
other, especially at the base of the vane. 

d. The flloplumes are the minute rudimentary feathers 

left in the skin after the bird has been plucked. 
Each consists of a hair-like stem, with a very 
rudimentary vane at its apex. 

d. Arrangement of the feathers. 

The feathers are attached to certain definite areas 
of the skin, known as pterylsB, the intervening tracts 
or apteria being devoid of feathers. This arrange- 
ment is not very obvious in the pigeon, in which the 
feathers are more uniformly distributed than in 
many birds. Apteria may, however, be seen in the 
mid-ventral and mid-dorsal regions of the body, and 
along the outer surfiEUses of the proximal segments of 
the wings. 

D. External Apertures. 

a. Median apertures. 

i. The mouth is a wide slit-like opening in the long 
pointed beak. 

ii. The cloacal aperture is a transverse slit, with 
prominent lips, on the ventral surface of the 
body, below the base of the tail. 

b. Paired apertures. 

i. The nostrils are a pair of oblique slit-like 
apertures, between the beak and the cere. 
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ii. The external auditory apertures are a pair of 
circular openings, below and slightly behind 
the posterior or outer angles of tiie eyes. 
Each is surrounded by a circlet of small, back- 
wardly directed feathers— the auriculars. 

Each leads inwards, and sHghtly backwards 
and downwards, to the tympanic cayity. 



n. DISSECTION OP THE PECTORAL MUSCLES. 

Remove the skin from the ventral surface of the thorax 
and from one shoulder, so as to fully eocpose the first pectoral 
muscle. Clean this muscle along its whole length, defining its 
boundaries carefully. 

1. The first or great pectoral muscle is large and triangular, 

and forms the greater part of the side of the breast. 
It arises from the whole length of the ventral half 
of the keel of the sternum, from the whole length of 
the clavicle, and from the lateral part of the body 
of the sternum. Its fibres run forwards and out- 
wards, converging to a broad flat tendon, which is 
inserted into the greater tuberosity of the humerus. 
From the anterior border of the muscle, near the 
shoulder, a slip is sent ofif to the skin. 

The great pectoral is the main depressor of the 
wing, and the most important of the muscles of 
flight. 

Cut through the great pectoral muscle, transversely to its 
fibres, and about the middle of its length. Twm the two halves 
of the rmiscle aside, so as to clearly define its origin andinser- 
turn : then cut away the muscle entirely. 

2. The second pectoral muscle is a smaller and more 

deeply placed muscle, similar in shape to the first 
pectoral, and completely covered by it. 

It arises from the dorsal part of the side of the 
keel of the sternum, and from the inner part of the 
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ventral surface of its body. Its fibres run forwards 
and outwards, converging to be inserted into a long 
tendon, which passes through the foramen triosseum, 
formed by the scapula, coracoid, and clavicle, and 
reaches the back of the shoulder-joint, where it is 
inserted into the dorsal surface of the humerus, 
near the greater tuberosity. 

Owing to the course taken by its tendon, the 
muscle elevates the wing, and so antagonises the 
great pectoral muscle. 

To see the insertion of the tendon of the second pectoral 
muscle, remove or push aside the deltoid muscle, which covers 
the back of the shoulder-joint. Test the action of the muscle 
by pulling the tendon. 

8. The third pectoral muscle is a small triangular muscle, 
arising from the outer border of the posterior two- 
thirds of the coracoid, and from the costal process of 
the sternum. Its fibres run forwards and outwards, 
to be inserted into the postaxial border of the head 
of the humerus. It aids the great pectoral muscle 
in depressing the wing. 

III. DISSECTION OF THE AIB.SACS. 

The air-sacs are large but very thin-walled sacs, lying 
mainly along the sides and dorsal surflAce of the body-cavity. 
They communicate, as already noticed, with the bronchi, and 
they play a very important part in the mechanism of respira- 
tion of the bird. 

Expiration is effected by the thoracic and abdominal 
muscles, which compress the thorax and abdomen, driving 
the air from the air-sacs, through the lungs and trachea. 

Inspiration is effected by the elastic expansion of the 
thorax and abdomen on relaxation of the muscles: this 
expansion causes an inrush of air along the trachea, through 
the lungs and into the air-sacs, which are thus filled with 
fresh air. 

D D 



402 DISSECTION OF THE PIGEON 

A complete diBseotion of the air-saos is not easy to per- 
form, and involves a good deal of damage to other stractores. 
The main features in their distribution and relations can, 
however, be readily determined, as described below. The 
dissection of the air-sacs must precede that of the other 
systems, as if they are once cut into, the walls of the sacs 
collapse, and can no longer be inflated. 

The air-sacs are nine in number ; a median interclavicular, 
a pair of cervical or pre-bronchial, two pairs of thoracic or 
intermediate, and a pair of abdominal or posterior. 

Make a median ventral incision through the skin of the 
neck, and pin out the flaps. Note the asophagus, a wide 
fleshy median tube ; and the trachea^ which lies to the left of 
the esophagus, and is readily recognised by tJie close-set 
ca/rtiUiginous rings by which it is surrounded. 

Separate the trachea from the surrotmding tissues in the 
hinder part of the neck, and pass a ligature rotuid it. Slit 
open the trachea about the middle of its length : pass a blow- 
pipe down the trachea through the slit, and tie it firmly in. 
Inflate the lungs and air-sacs through theblow-pipe,and tighten 
the ligature round the trachea to prevent the air escaping. 

Make a mid-ventral incision through the skin from the 
posterior edge of the sternum to the cloaca, and a transverse 
incision along the posterior border of the sternum. Carry the 
incisions through the muscles of the abdominal walls, taking 
care fwt to inju/re the viscera beneath, and reflect the flaps 
outwards. 

1. The posterior or abdominal air-sacs are a pair of large 

sacs, with very thin transparent membranous walls, 
which lie along the dorsal wall of the pelvic cavity, 
ventral to the kidneys but dorsal to the intestine. 
At the hinder end of the abdomen they come close up 
to the ventral surface when inflated. 

Each communicates with the posterior border of 
the corresponding lung, near its outer angle. 

2. The posterior thoracic air-sacs are a pair of rather 

smaller sacs, lying along the outer sides of the anterior 
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ends of the abdominal sacs. They lie mainly behind 
the longs, but overlap the ventral snr&ces of their 
hinder ends. 

Each communicates with the outer and posterior 
angle of the corresponding lung. 
8. The anterior thoraoic air-sacs cover the ventral sur£aceB 
of the anterior two-thirds of the lungs, and extend 
back so as to overlap the posterior thoracic sacs. 
They lie at the sides of the thorax, and are in exten- 
sive contact with the ribs and with the pericardium. 

Each communicates with the ventral surface of 
the lung, rather in front of the middle of its length, 
and not far from the median plane of the body. 

4. The interclavicular air-sac is a median sac, formed by 

the fusion of two originally distinct ones. It consists 
of, (1) a median portion, which surrounds the hinder 
end of the trachea, and can readily be seen in the 
angle between the two clavicles; and (2) lateral 
processes, one of which runs forwards along each 
side of the trachea, while others pass outwards, 
beneath the coracoid, and open into large axillary 
air-sacs in the neighbourhood of the shoulder- 
joints, which communicate with the cavities of the 
humeri. 

The interclavicular air-sac opens into the ventral 
surfEhce of each lung, immediately in front of the 
point of entrance of the main bronchus. 

5. The cervical air-sacs are much smaller, and lie in front 

of the lungs at the base of the neck, alongside the 
vertebral column. 

They conmiunicate with the anterior angles or 
apices of the lungs. 

IV. DISSECTION OP THE DIGESTIVE SYSTEM. 

A. The Buccal Cavity. 

Open the mouth slightly : ctit thrcmgh the cheek, parallel 
to the jaws, for about half an inch on each side ; and turn 

D02 
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dawn the floor of the mouth so as to expose the cavity fully. 
Note the following structures. 

1. The posterior narial apertures are a pair of long narrow 

apertures, lying side by side in the roof of the 
mouth. The anterior two-thirds of their length are 
hidden by a pair of prominent folds of the mucous 
membrane of the palate. 

2. The aperture of the Eustachian tubes is a median open- 

ing, behind the posterior narial apertures. 

Pass a bristle through the aperture, and along the right 
and left Eustachian tubes to the tympanic cavities, 

8. Th(B tongue is triangular, ending in front in a sharp, 
forwardly directed point ; and produced behind into 
a pair of backwardly directed processes, fringed with 
fine homy papillae. 

4. The glottis is an oval aperture, with tumid lips, in the 

floor of the mouth, just behind the tongue. 

5. The entrance to the oesophagus is large and wide, and 

situated behind the glottis. 

B. The Abdominal Viscera in situ. 

Lift up the hinder end of the sternum, and cut through 
its sides about midway between the dorsal and ventral surfaces. 
Cut through the coracoids and clavicles about the middle of 
their length. Detach the sternum with a scalpel from the 
wnderlying parts, and remove it entirely, 

1. The falciform ligament is a median vertical sheet of 

peritoneum, connecting the dorsal surface of the 
sternum with the underlying viscera : it is continuous 
in front with the pericardium, and behind with the 
omentum. 

2. The heart, which is still enclosed in the pericardium, is 

large and conical, with the apex directed backwards. 

It lies in the anterior part of the thorax. 
8. The lungs are spongy bodies lying at the sides of, and 

dorsal to, the heart, and very largely concealed by it. 
4. The liver is a solid, lobed organ, of a dark-red colour, 

lying behind, and at the sides of, the heart. 
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5. The great omentum is a fold of mesentery loaded with 

fat, covering the viscera behind the liver. It is con- 
tinuous in front with the fedciform ligament. 

Lift wp to the great omentum to expose the organs covered 
by it. 

6. The gizzard is a large firm body, lying immediately 

behind the left lobe of the liver, and imbedded in a 
deep groove in its substance. 

7. The duodenum is a loop of intestine, lying along the 

right side of the abdominal cavity, and embracing the 
pancreas. 

8. The intestine forms a convoluted mass in the hinder 

part of the abdomen. 

G. The Alimentary Canal. 

Unravel the intestine by cutting through the mesentery 
close to it, but taking care not to touch the duodenal loop. 

Note the veins in the mesentery, which collect the blood 
from the alimentary canal, and converge to form the portal 
veii^, which enters the liver in the notch between its right 
and left lobes. 

Note also, and preserve, 'the coccygeo-mesenteric vein, 
which runs in the mesenterial fold connecting the rectum with 
the dorsal wall of the abdomen. 

1. The ODSophagus commences at the hinder part of the 

buccal cavity, and runs back through the neck and 
thorax to the stomach. In the neck it is thin-walled, 
and dilates behind to form a large bilobed sac, the 
crop. In the thorax, where it is much narrower, 
and has thick muscular waUs, the oesophagus lies 
between the lungs and dorsal to the heart. 

2. The stomach, or proventriculus, lies dorsal to the left 

lobe of the liver : it is rather wider than the 
oesophagus, and has thick glandular walls, in which 
the gastric juice is secreted. Attached to the right 
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side of the proventriculos is a small red body, the 
spleen. 

8. The g^ard is a large hard body, somewhat flattened 
laterally, and with very thick muscular walls, the 
muscular fibres radiating outwards from a bluish 
tendon in the centre of each lateral surface. It 
forms a powerful mill for grinding the food. 

The proventriculus opens into the gizzard at its 
dorsal border, and rather to the left side ; while the 
duodenum leaves it close to the same spot, but more 
to the right side. 

Split open the gizzard along its ventral edge, and wash 
out the contents. Note the following points : — 

a. The great thickness of the muscular walls. 

b. The thick homy epidermis which lines the cavity of 

the gizzard, and in which small stones are usually 
found imbedded. 

c. The openings of the proventriculus and duodenum, 

placed side by side at the dorsal edge. 

4. The duodenum is a U-s^&P^ loop, formed by the first 
part of the intestine. The pancreas lies between the 
two hmbs of the loop, the further dissection of which 

Fio. 67. — Colnmba livia. — Dissection of the male from the right side. 
Half the liver and the greater part of the intestine have been 
removed. In the right wing, the bones and the arrangement of the 
primary and secondary feathers are shown. The reprodactive 
organs are omitted, (a. m. m.) 

At nostril. AD» ad-dlgitol primary feather. B, external mnditory meatus. 
BWy bastard wing. O, oeaophagns. OA« right carotid artery. D, crop. 
DA, aorta. S, keel of the stemnra. F. rik^t anride. G, right ventricle. 
HV, hepatic rein. HI, left bile-duct. H2, r ight bile-duct. I, distal 
end of stomach. I A, right innominate artery. fV, posterior vena cava; 
J A, left innominate artery. JV, right jugnlaf vein. IS., gizzard. Ii, liver. 
M, proximal limb of duodenum. Mi>, the two mid-digital primary 
feathers. MP, the six metaoarpal primary feathers. M 1, first metaoarpal. 
M2, second metacarpal. M3, third metaounPAl. N, cloacal aperture. 
N 1, first digit of manus. O, bursa Fabricii. O h proximal phalanx of second 
digit of nuuius. O 2, distal phalanx of second digit of manus. P, pancreas. 
PA, right pectoral artery. PD, pre-digital primary feather. P v, portal 
rein. Pi, first pancreatic duct. P2, seoond pancreatic duct. P3> third 
pancreatic duct. Q. pygostyle. B, rectum. BC radial cupal bone. 
BX, rectrices or tau-feathers. Bl, third digit of manus. 8, ureter. 
8A, right subcIaTian artery. 8V, right anterior vena cava. T, rectal 
direrticulum. IT, kidney. uC, ulnar carpal bone. V, pelvis. W, lung. 
X, humerus. 7, radius. Z, ulna. 
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will be postponed until the liver and pancreas are 
examined. 

5. The small intestine is a much convoluted tube, of nearly 

uniform diameter, and about two feet and a half in 
length. 

6. The rectum, or terminal portion of the intestine, is 

about an inch and a half long. Its commencement 
is marked by a pair of small caecal processes, the 
rectal diverticula. Posteriorly, the rectum opens 
into the cloaca, the examination of which will be 
deferred until the kidneys have been dissected. 

D. The Liver. 

The liver is divided into a larger right, and a smaller left 
lobe, the surfaces of which are hollowed and grooved to re- 
ceive the heart, duodenum, and gizzard. 

The bile-ducts are two in number, and open into the 
duodenum. 

1. The left bile-duct is a wide tube, about an inch long, 

which, emerging from the notch between the right 
and left lobes of the liver, runs backwards to open 
into the proximal limb of the duodenum, about half 
an inch beyond the gizzard. 

2. The right bile-duct is longer and narrower. It leaves 

the hver near the dorsal margin of the right lobe, 
and runs back to open into the distal hmb of the 
duodenum, about the jimction of its middle and 
distal thirds. 

E. The Pancreas. 

The pancreas is a compact pinkish gland lying in the loop 
of the duodenum, along nearly the whole of its length, and 
grooved by it. 

The pancreatic ducts are three in number, and all open 
into the distal limb of the duodenum. 

The £rst two ducts leave the right border of the gland 
about the middle of its length, and run forwards, parallel to 
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eaoh other, to open close together into the distal limb of the 
daodenom, about the middle of its length, and close to the 
right bile-duct. 

The third pancreatic duct is longer than the others. It 
leaves the gland near its anterior end, and runs forwards to 
open into the distal limb of the duodenum, close to its junction 
with the small intestine. 

Pin out the duodenum on a dissecting-board, and dissect 
the bile-ducts and pancreatic dv>cts. The dissection is best 
performed under water ^ and from the dorsal surface. 



V. DISSECTION OF^ THE CIRCULATORY SYSTEM. 

A. The Heart. 

The heart of the bird is of large size, and is divided into four 
chambers, those of the right and left sides being completely 
separated from each other. The right side of the heart 
receives the blood which is brought back by the veins from all 
parts of the body, and drives it to the lungs to be aerated : from 
the lungs it is returned to the left side of the heart, and thence 
driven all over the body through the arteries. The right side 
of the heart therefore contains venous blood, and the left side 
arterial blood. 

Open the pericardial cavity so as to expose the heart fully ; 
and dissect away the connective tissue and fat from the vessels 
at the base of the heart. 

The heart is conical in shape, with the apex directed back- 
wards and slightly to the left side. A line of fat, which en- 
circles it, marks externally the division into auricular and 
ventricular portions. 

1.. The auricular portion is anterior in position, and forma 
the base of the cone. It is thin-walled, dark in 
colour, and distinctly divided into right and left 
auricles, the division being indicated externally by a 
line of fat. 



410 DISSECTION OF THE PIGEON 

2. The yentricular portion is posterior, and forms the apex 
of the cone. It is much thicker-walled than the 
auricular portion, and paler in colour. The division 
between right and left ventricles is not obvious 
externally. 

B. The Veins. 

The veins should be dissected before the arteries, as they 
lie for the most part nearer the surface. Great care must be 
taken not to cut or tear them, as bleeding occurs freely, and is 
apt to be very troublesome. If a complete dissection is re- 
quired, the venous system should be injected from either the 
femoral or the jugular vein. 

1. Veins opening into the right auricle. The right auricle 
receives the venous blood from the whole of the body 
by three large veins, the veneB cavflB. 

a. The right anterior vena cava returns blood from 
the right side of the head and neck, the right 
wing, and the right side of the breast. 

it is a short wide vein, about a quarter of an 
inch in length, opening into the right anterior 
angle of the right auricle : it is formed by the 
union of three principal veins. 

i. The right jugular vein runs along the right side 
of the neck, close to the vertebral column, and 
dorsal to the oesophagus. 

Anteriorly it unites with the left jugular 
vein, on the under surface of the base of the 
skull. In its course down the neck it receives 
veins from^ the side of the neck and from the 
crop ; and at the posterior end of the neck it 
is joined by the vertebral vein. 

ii. The right brachial vein returns blood from the 
wing. 

iii. The right pectoral veiu is the largest of the 
three. It returns blood from the pectoral 
muscles, and receives also the internal mam- 
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mary vein, which nms along the inner surfeu^e 
of the thoracic wall. 

b. The left anterior vena cava returns blood from the 

left side, by veins corresponding to those open- 
ing into the right vena cava. At the base of the 
heart, it runs transversely across the dorsal sur- 
face of the left auricle, to open into the left border 
of the right auricle. 

To see the opening of the left vena cava into the auricle^ 
lift up the apex of the heart and tvm it forwards. 

c. The posterior vena cava returns blood from the pos- 

terior part of the body, including the liver. 

It is formed by the union of the two iLiac 
veins a short distance behind the liver. The vein, 
so formed, runs forwards through the substance 
of the right lobe of the liver, close to its dorsal 
surface : it receives the hepatic veins as it leaves 
the liver, and then runs forwards as a short wide 
vessel to open into the posterior sur&ce of the 
right auricle. 

Turn the heart forwards, to expose the posterior vena ca/oa 
as it enters the right auricle. Follow it back through the 
liver, slitting it up and washing out the contained blood. 
Note the openings of the hepatic veins, and follow them with 
a seeker into the liver. Follow the vena cava back, behind 
the liver, to the point where it is formed by the union of the 
right and left iliac veins. 

2. The veins of the kidneys. 

The veins in connection with the kidneys are 
rather complicated, and are best dissected in specimens 
injected from the femoral vein. Their relations may, 
however, be determined by slitting them open and 
following them with a seeker. 

The kidneys are a pair of elongated three-lobed 
bodies, attached to the ventral sur&ce of the Uia, im- 
mediately behind the lungs. 



412 DISSECTION OF THE PIGEON 

a. The posterior mesenteric vein is a median vein, 

running backwards in the mesentery supporting 
the rectum : it collects the blood from the hinder 
part of the small intestine, and from the rectum 
and cloaca. It receives a very small median 
caudal vein from the tail ; and divides, opposite 
the posterior end of the kidneys, into right and 
left hypogastric veins. 

b. The hypogastric vein, on each side, receives the 

internal iliac vein from the inner surface of the 
pelvic cavity, and enters the kidney at its pos- 
terior end; it then runs forwards through the 
posterior and middle lobes of the kidney, to open 
into the femoral vein, in the groove between the 
middle and anterior Ibbes. 

c. The femoral vein, on each side, returns the blood 

from the leg. Entering the kidney at its outer 
side, between the middle and anterior lobes, it 
receives, as just noticed, the hypogastric vein : 
a little further on, the renal vein, returning blood 
from the two hinder lobes of the kidney, joins it 
to form the iliac vein. 

d. The iliac vein, formed in this way by the junction 

of the femoral, hypogastric, and renal veins, 
leaves the kidney at its inner border, between its 
anterior and middle lobes ; and then runs forwards, 
uniting opposite the anterior end of the kidney 
with the iliac vein of the other side, to form the 
posterior vena cava. 

S. The hepatic portal system. 

The portal vein lies in the omentum, between the 
two bile-ducts, and on reaching the liver divides into 
two branches, one supplying each lobe. It conveys 
to the liver the blood from the greater part of the 
length of the alimentary canal, and is formed by the 
union of three chief veins. 
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a. The ga8tro<4iiodenal vein returns the blood from 

the right side of the gizzard, from the duodenum 
and from the last loop of the small intestine. 

b. The anterior mesenteric vein returns blood from 

the greater part of the length of the small in- 
testine. 

c. The poBterior mesenteric vein returns blood from the 

hinder part of the small intestine, and from the 
rectum. The blood in the anterior part of this 
vein flows forwards to the portal vein, that in the 
hinder part backwards to the hypogastric veins. 

4. Veins opening into the left auricle. 

The pulmonary veins, which are extremely short, 
open into the posterior surface of the left auricle. 

Tv/m the heart forwards : open the left auricle : wash out 
the contents ; and pass a seeker along the pulmonary veins 
into the lungs, 

0. The Arteries. 

1. The pulmonary artery is a single trunk, which arises 

from the anterior end of the right ventricle, close 
to the ventral surface and a little to the left of the 
median plane. It divides soon after its origin into 
right and left arteries. 

a. The left pulmonary artery is short, and passes 

direct to the left lung, which it enters in front 
of the pulmonary vein, and ventral to the left 
bronchus. 

b. The right pulmonary artery passes dorsal to the 

other arterial trunks, to enter the right lung in 
front of the bronchus. 

2. The aorta arises from the base of the left ventricle, 

lying between the two auricles, and to the right 
of, and slightly dorsal to, the pulmonary artery. It 
gives off almost immediately the very large right 
and left innominate arteries, and then continues its 
course as the dorscd aorta. 
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a. The left ixmominate artery is a short wide artery, 
which divides, after a course of about a quarter of 
an inch, into two vessels of very unequal size. 

i. The left carotid artery, which is much the 
smaller of the two, runs forwards along the 
neck, lying close to its fellow of the opposite 
side, in a groove along the ventral surfiace 
of the vertebral column. 

About half an inch from its origin it gives 
off the vertebral artery, which runs forwards 
along the side of the neck, in the vertebrar- 
terial canal of the cervical vertebre. 

Opposite the angle of the jaw, the carotid 
artery divides into external and internal 
carotid arteries. 

a. The external carotid artery supplies the 

tongue, the muscles of the jaws, and other 

parts of the head. 
/3. The internal carotid artery enters the skull 

by a foramen at its base, and suppUes the 

brain. 

ii. The subclavian artery, which is much the larger 
of tbe two branches of the innominate, runs 
outwards, and divides after a course of not 
more than an eighth of an inch into the 
brachial and pectoral arteries. 

a. The brachial artery runs straight outwards to 
the wing, giving a branch to the shoulder- 
joint. 

/3. The pectoral artery is a large vessel, very 
little smaller than the innominate itself: 
it runs outwards and backwards, looping 
round the outer side of the sternal end of 
the coracoid, to enter the deeper surfEbce 
of the great pectoral muscle, in which it 
divides into numerous branches. 
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b. The right mnominate artery has branches exactly 

corresponding to those of the left innominate. 

c. The dorsal aorta, which is rather smaller than 

either of the innominate arteries, arches over to 
the right side, crosses the right pulmonary artery, 
and then rmis backwards along the mid-dorsal 
line of the thorax and abdomen. Its principal 
branches are as follows. 

i. The coeliac artery is a median vessel which arises 
about the level of the auriculo-ventricular 
septum of the heart. It runs back in the 
mesentery, and divides into branches which 
supply the stomach, gizzard, and part of the 
intestine. 

ii. The anterior mesenteric artery is a median 
vessel, which arises about a quarter of an inch 
behind the cceliac artery, and runs backwards 
in the mesentery, dividing into branches 
which supply the greater part of the length of 
the intestine. 

iii. The anterior renal arteries are a pair of small 
vessels, which arise from the aorta opposite 
the anterior ends of the kidneys, and supply 
their anterior lobes. From the artery of the 
left side a branch is given ofif to the ovary. 

iv. The femoral arteries are paired, and arise 
opposite the anterior lobes of the kidneys. 
They pass outwards, dorsal to the kidneys, to 
supply the extensor muscles of the thigh. 
Each gives off a pubic artery, which runs 
backwards along the ventral border of the 
pubes. 

V. The soiatic arteries are a pair of larger vessels, 
which arise opposite the middle lobes of the 
kidneys : they pass outwards and backwards, 
between the middle and posterior lobes of the 
kidneys, and through the ilio-sciatic foramina, 
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to snpply the flexor muscles of the thighs, and 
the muscles of the legs. 

Each sciatic artery gives off a middle 
rencd artery to the middle lobe of the kidney, 
and a poBterior renal artery to the posterior 
lobe. 

vi. The poBterior mesenteric artery is a median 
vessel, which arises opposite the hinder ends 
of the kidneys, and supplies the rectum and 
cloaca. 

vii. The internal iliac arteries are a pair of vessels 
arising about the same level as the posterior 
mesenteric artery, and running outwards 
and backwards along the hinder part of the 
pelvis. 

viii. The caudal artery is the terminal portion of 
the dorsal aorta, which runs along the ventral 
surfEuse of the caudal vertebrsB. 

D. Dissection of the Heart 

The heart may be dissected in situ, or the vessels may be 
cut across about a quarter of an inch from it, and the heart 
remolded and placed in a dissecting -dish under water, 

1. The auricles. 

Slit up the outer walls of the two awricles with scissors^ 
and wash out the contained blood. 

a. The right auricle. 

i. The openings of the vensB cavsB. 

Pass a seeker into these, and note their positions relatively 
to the cavities of the heart. 

ii. The Eustachian valve is a muscular fold, pro- 
jecting into the cavity of the auricle, on the 
right side of the opening of the posterior vena 
cava. 

iii. The septum auriculamm is a thin muscular 
partition, dividing the right and left auricles 



THE HEART 417 

from each other. Near its centre is a 
thin oval patch, the fossa ovalis, marking 
the position of the foramen orale of the 
embryo, 
iv. The right aaricQlo-ventricular aperture is a 
large crescentic opening in the posterior wall 
of the auricle. 

b. The left auricle. 

i. The openings of the pulmonary veins are in a 
small recess of the dorsal wall of the auricle, 
ii. The left auriculo-ventricular aperture is circular . 

2. The ventricles. 

Cut across the ventricles transversely, about the middle of 
their length. Note the shape of the cavities, and the thick- 
ness of their walls. 

a. The right ventricle wraps round the right side of 

the left ventricle. Its outer wall is thin, and its 
cavity crescentic in transverse section. 

i. The right auriculo-ventricular valve is a mus- 
cular flap, hanging into the ventricular cavity, 
on the right side of the auriculo-ventricular 
aperture. It is connected by chordas tendiness 
with the wall of the ventricle. 

ii. The aperture of the pulmonary artery is at the 
extreme anterior end and left side of the 
ventricle. 

Pass a seeker from the ventricle along the pulmonary 
artery, and lay it open tuith scissors, 

a. The semilunar valves are three crescentic 
pocket-like flaps, guarding the entrance to 
the artery. 

b. The left ventricle has very thick spongy walls, ex- 

cept at the apex, where it is thin. Its cavity is 
somewhat irregular in shape, but is more or less 
circular in transverse section. 

BB 
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i. The left anricnlo-ventiioiilar or mitral valve is 
formed by two membranons flaps, which 
hang into the ventricle. Their hinder borders 
are attached by chords tendinesB to muscular 
processes of the ventricular wall, the mus- 
ouli papillares. 

ii. The aperture of the aorta is at the anterior 
end of the ventricle, and at its right side. 
In the natural position of the parts, it lies 
dorsal to the aperture of the pulmonary 
artery. 

Pass a seeker from the ventricle along the aorta, and lay 
it open with scissors along its right side. 

a. The semilunar valves are three pocket-like 
flaps, similar to those of the pulmonary 
artery. 

VI. DISSECTION OF THE RESPIBATOBT STSTEM. 

Remove the heart, if this ha^ not already been done, and 
also the alimentary canal and liver. Clean the trachea and 
the ventral surface of the lungs. 

1. The trachea, or wind-pipe, is a tube which commences 
in front at the glottis, runs back along the neck, 
and divides in the thorax into two bronchi, entering 
the right and left lungs respectively. 

It is surrounded by a series of closely set rings, 
which are ossified ventrally, and cartilaginous along 
the dorsal surface. 

In the anterior part of the neck the trachea is 
ventral to the (esophagus ; further back it lies along 
its left side. In the thorax, where it again lies 
ventral to the (esophagus, it divides into the two 
bronchi, which run outwards and backwards to enter 
the lungs on their ventral surfisuse and near their 
anterior ends. 
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2. The longs are a pair of spongy bodies, attached to the 
dorsal and dorso-lateral walls of the anterior part of 
the thorax. They are covered ventrally by the pleoray 
an anterior continuation of the peritoneum. Their 
inner edges lie close together, separated from each 
other in the median plane by the projecting centra 
of the thoracic vertebr®, and by the dorsal aorta. 

Bemove the pleura from the ventral surface of one lung ; 
and sepa/rate the lung from the thoracic wall, noting its close 
attachment to this wall, and the indentations of its sv/rface 
caused by the ribs. 

8. The syrinx, or 'lower lar3rnx,* is the organ of voice 
of the pigeon, and is formed by the dilated hinder 
end of the trachea, and the commencement of the 
bronchi. 

Cut across the trachea about an inch in front of its bifur- 
cation. Make two lateral incisionSf with scissors, along the 
sides of the trachea and bronchi, and turn down the ventral 
wall. 

i. The tympanum is the cavity of the lower end 
of the trachea and commencement of the 
bronchi. 

ii. The membrana tympaniformis interna is the 
mucous membrane lining the inner wall of the 
commencement of each bronchus. 

iii. The membrana semilunaris is a delicate vertical 
fold of mucous membrane, extending forwards 
into the tympanum from the angle of bifurca- 
tion of the trachea : by its vibration the voice 
is produced. 

iv. The pessuluB is a slender bar of cartilage run- 
ning across the tympanum, in the substance 
of the membrana semilunaris, from the dorsal 
to the ventral surface. 

B s 2 
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4. The struotnre of the lungs. 

Pass a seeker along one of the bronchi, and slit it open 
with scissors. Follow the branches of the bronchus through 
the hmgs, and note the openings of the various air-sacs de* 
scribed above (p. 402). 

VIL DISSECTION OF THE BENAL AND BEPRODUCTiyE 

SYSTEMS. 

These may conveniently be considered together, because, as 
in the rabbit, the genital ducts are in both sexes formed from 
what were originally parts of the excretory system. 

In the male the vas deferens is formed from the meso- 
nephric duct : in the female the oviduct is formed from the 
pronephric duct. In both sexes the kidneys and ureters of 
the adult are formed from the hindmost division of the kidneys 
of the embryo, i.e. the metanephra, and the metanephric ducts* 

A. The Male Pigeon. 
1. The renal sjrstem. 

a. The kidneys are a pair of solid three-lobed bodies, 

firmly imbedded in the ventral wall of the pelvis 
and sacrum immediately behind the lungs. Their 
ventral surfaces are covered by peritoneum. 

b. The ureters are a pair of straight narrow tubes. 

Each arises in the substance of the anterior lob& 
of its kidney, emerges between the anterior and 
middle lobes, and runs backwards along the inner 
side and ventral surface of the middle and posterior 
lobes, and then straight back to the dorsal wall of 
the cloaca. 

Slit up one of the ureters, and follow it into the anterior 
lobe of the kidney, noting the openings of smaller ducts into 
it at intervals along its length. 

0. The adrenals are a pair of small, elongated, yellowish 
bodies, attached to the ventral surfiBbce of the 
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anterior ends of the kidneys, alongside the iliao 
veins. They have no physiological connection 
with the kidneys. 

2. The reproductive system. 

a. The testes are a pair of oval bodies, attached by a 

fold of peritoneum to the inner borders of the 
anterior lobes of the kidneys, and lying in contact 
with their ventral surfaces. 

b. The vasa deferentia emerge from the inner sides 

of the posterior ends of the testes, and run back 
along the outer borders of the ureters as a pair of 
sinuous tubes with opaque walls. 

Their hinder ends are dilated into small 
vesiculsB seminales, which open into the cloaca. 

8. The doaca is a shallow cup-like depression into which 
the rectum, ureters, and genital ducts open. 

a. The rectum opens into the ventral wall of the 

cloaca. 

Slit up the rectum along one side, and note its opening into 
the cloaca. 

b. The urino-genital pouch is a saccular diverticulum 

of the dorsal wall of the cloaca, separated from 
the rectum by a transverse fold. The ureters 
open into it dorsally and close to the middle line ; 
and to their outer sides are the openings of the 
vasa deferentia, on the apices of a pair of small 
papilhe. 

0. The posterior chamber of the cloaca is a thin-walled 
dilatation of the dorsal wall of the cloaca, behind 
the urino-genital pouch, and close to the external 
doacal opening : into its dorsal surfieice a glandular 
diverticulum, the bursa Fabricii, opens in young 
birds, but is usually absent in the adult. 

B. The Female Pigeon. 
1. The renal system is the same as in the male. 
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2. The reproductive systeiiL 

a. The ovary. In the embryo a pair of ovaries are 

present, but of these the right one disappears 
during development, and the left alone persists. 
This is a large irregular-shaped body, suspended in 
a fold of peritoneum opposite, and partly in front 
of, the anterior lobe of the leffc kidney. Numerous 
ova in various stages of development project from 
its surface. 

b. The oviducts. The left oviduct is a wide convoluted 

tube, thin-walled in front, thick behind, and 
lying along the left side of the pelvic cavity. In 
front it opens into the body-cavity by a long 
oblique slit-like mouth, which is in close contact 
with the ovary. Posteriorly it opens into the 
cloaca. 

The right oviduct is rudimentary : it has the 
form of a slender tube, opening behind into the 
cloaca, and usually not more than half an inch in 
length. The egg, when discharged from the ovary, 
consists of the ' yolk ' only : the ' white * is an 
albuminous substance formed round the yolk by 
the walls of the middle portion of the oviduct ; 
and the shell is secreted by the hindmost part of 
the oviduct shortly before the egg is laid. 

8. The cloaca is similar to that of the male, but of larger 
size. 

a. The rectum has the same relations as in the 

male. 

b. The urino-genital pouch. The openings of the 

ureters are on the anterior wall of the pouch, 
about an eighth of an inch apart. The openings 
of the oviducts are to the outer sides of those of 
the ureters, the opening of the left oviduct being 
much larger than that of the rudimentary right 
one. 

c. The posterior chamber is the same as in the male. 
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Vin. EXAMINATION OF THE BRAIN 

A. Semoral of the Brain. 

Cut through the skin of the top of the head along the 
middle line, and turn the flaps aside. Expose and scrape 
clean the bones of the roof of the skull. Slice off with a 
scalpel the skull-roof, taking care not to injure the brain, 
which lies very close to the bone. 

Cut away, bit by bit, the roof and sides of the skull, with 
the scalpel and stout scissors, so as to expose the brain 
thoroughly. Remove the neural arches of the first two vertebra, 
and divide the spinal cord transversely. Turn out the brain 
carefully, cutting across the several nerve-roots one by one. 
Place the brain in a bottle of strong spirit, with a pad of 
loose cotton-wool at the bottom, and leave it for two or three 
days until it is thoroughly hardened. Examine it in weak 
spirit. 

B. External Characters of the Brain. 
1. The dorsal surface. 

a. The cerebral hemispheres are a pair of large pyri- 

form bodies, closely applied to each other in the 
median plane. Their surfaces are nearly smooth^ 
and their anterior ends bluntly pointed. 

b. The olfactory lobes are a pair of small conical bodies, 

projecting forwards from the anterior ends of the 
hemispheres. 

c. The pineal body is a small oval body, immediatdy 

behind the hemispheres, and in the angle between . 
them. 

d. The optic lobes are a pair of smooth ovoid bodies 

at the sides of the brain, behind and rather beknr 
the hemispheres. 

e. The cerebellum is a median elongated oval body, 

marked by a number of transverse fissures. In 
front it is in contact with the hemispheres ; 
behind, it overlaps the medulla ; and laterally, it 
lies above the optic lobes. 
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£ The medulla oblongata is thick and wide : its an- 
terior end is covered by the cerebellum, and pos- 
teriorly it is continuous with the spinal cord. 

2. The ventral surfiace of the brain. 

a. The optic chiasma, formed by the crossing of the 

optic nerves, lies between and slightly in front 
of the optic lobes. 

b. The infundibulum is a small median process, im- 

mediately behind the optic chiasma. It is con- 
nected with the pituitary body, which is usually 
left in the skuU when the brain is removed. 

C. BiBeotion of the Brain. 

Divide the brain into right and left halves by a median 
longitudinal section, so as to expose its cavities. 

a. The third ventricle, or cavity of the fore-brain, is 

of considerable extent from before backwards, 
and dorso-ventrally ; but is very narrow from 
side to side. It opens in front by lateral aper- 
tures, the foramina of Monro, into the lateral 
ventricles of the hemispheres. Its roof is pro- 
duced upwards into the stalk of the pineal body, 
and its floor is depressed to form the infundi- 
bulum. 

b. The Sylvian aqueduct, or cavity of the mid-brain. 

is small, but communicates laterally with large 
cavities in the optic lobes. 

c. The fourth ventricle, or cavity of the hind-brain, 

is wide from side to side, but shallow dorso- 
ventrally. 

IX. THE SENSE-ORGANS. 

A. The Eye. 
1. The eyelids. 

The upper eyelid is but slightly movable; the 
lower one very freely so. 

The nictitating membrane, or third eyelid, is a 
fold at the anterior angle of the eye, lying within 
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the other eyelids, between them and the eyeball. It 
can be palled obliquely downwards and backwards 
over the front of the eyeball with great rapidity. 

2. The mnflcles of the eyeball. 

Open the orbit by removing its dorsal wall toith strong 
3cissorSt taking care not to damage the nictitating memiyrane. 

a. The muscles moving the eyeball are essentially the 

same as those of the skate or rabbit. 

Bemove the eyeball completely^ cutting through the muscled 
and the optic nerve as far as possible from the eyeball. 

b. The muscles of the nictitating membrane are two 

in number, and lie close to the inner or orbital 
surface of the eyeball. 

Snip away with scissors the recti and oblique muscles, 

i. The quadratus, or bursaUs muscle, is an oblong 
sheet of muscle, lying in close contact with the 
inner surface of the eyeball. Its fibres arise 
along the dorsal edge of the eyeball and 
run downwards, ending just above the optic 
nerve in a free border, which forms a 
tubular tendinous sheath for the tendon of 
the pyramidalis muscle, 
ii. The pyramidaliF is a small muscle, somewhat 
triangular in shape. It arises from the inner 
surface of the ventral part of the eyeball, 
below, and a little anterior to, the entrance of 
the optic nerve. From this origin its fibres 
run upwards and backwards, converging to 
form a long thread-Hke tendon, which, passing 
through the tubular sheath of the quadratus, 
runs down on the inner surface of the eye- 
ball, and then under it, to be inserted into 
the ventral border of the nictitating mem- 
brane. 

By the combined action of these two 
muscles the rapid movement of the nicti- 
tating membrane is effected. 
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8. The strncture of the eye. 

Place the eye under water, and divide it by an equatorial 
incision into two halves. 

The general structure of the eye is the same as- 
that of other vertebrates ; but the following points 
are of special interest. 

a. The pecten is a vascular pigmented fold, which pro- 

jects into the cavity of the eye from its orbital 
surfiMse, ventral to the entrance of the optic nerve. 
It is folded longitudinally like a fan ; and its 
function is unknown. 

b. The lens is, as in terrestrial animals generally, 

much flatter than that of the dog-fish. 
0, The sclerotic plates are a ring of small flat bones^ 
overlapping one another, and surrounding the 
eye, just behind the junction of the cornea and 
the sclerotic. 

B. The Ear. 

1. The tympano-Eustachian passage. 

This is the modified hyo-mandibular cleft of the 
embryo, corresponding to the spiracle of the dog-fish. 
Its connection with the ear is of a purely secondary 
character, and it forms no part of the essential organ 
of hearing. 

a. The external auditory meatus is the outer part of 

this passage, from the exterior to the tympanic 
cavity. The external aperture is a circular hole 
on the side of the head, behind and below the 
posterior border of the orbit. 

Cut away the lower jaw. Cut away the external meatus 
carefully with scissorSf so a^ to expose the tympanic mem- 
brane. 

b. The tympanic membrane is a thin transparent 

septum, separating the external meatus from the 
tympanic cavity. 
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0. The columella is a small rod of bone and cartilage, 
lying on the inner side of the tympanic mem- 
brane, but readily seen through it. It lies al- 
most horizontally, its free anterior end forming 
a sUght projection in the centre of the mem- 
brane. 

The columella is formed from the uppermost 
part of the cartilage of the hyoidean arch, and 
probably corresponds to part, or the whole of, 
the hyo-mandibular cartilage of the dog-fish. 

Cut across the tympanic membrane in front of the colu- 
mella^ to open up the tympanic cavity. 

d. The tympanic cavity is the middle, dilated portion 

of the tympano-Eustachian passage. On its 
inner wall is the fenestra ovaUs, into which the 
posterior end of the columella is inserted. 

e. The Eustachian tube is the innermost division of 

the tympano-Eustachian passage. It is a narrow 
tube, leading from the anterior and lower angle of 
the tympanic cavity, and running forwards and 
inwards between the proper base of the skull 
and the basi-temporal bone. The Eustachian 
tubes of the two sides unite, and open into the 
roof of the mouth by a median aperture, just 
behind the posterior border of the narial opening, 
and in front of the transverse ridge forming the 
hinder border of the palate. 

2. The auditory organ. 

The essential organ of hearing is imbedded in 
the side- wall of the skull. It is, however, easy to 
dissect, as the layer of bone immediately investing 
it is very firm and compact, and so preserves the 
shape of the organ, while the rest of the bone is 
soft and spongy, and easily removed. 

Remove the hinder part of the side of the skulls containing 
the auditory organ ; and carefully pick away with scalpel and 
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forceps the outer spongy layer of bone, until the sliape of the 
organ can be clearly seen. 

a. The anterior vertical semicircular canal lies, in the 

natural position of the parts, close alongside the 
posterior border of the optic lobe and the side of 
the cerebellmn. 

b. The posterior vertical semicircular canal lies almost 

immediately below the anterior vertical canal. 

c. The horizontal semicircular canal lies opposite the 

lower border of the optic lobe, and the hinder 
end of the cerebellum. 
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LIST OP REAGENTS. 



L BEAGENTS FOR KILLING, HARDENING, AND 

PRESERVING. 

OSXIG ACID, 2 per cent, solution. 

Preparation, — Dissolve 1 grm. osmio acid crystals in 50 c.c. 

distilled water. Keep in the dark. 
Use. — For killing microscopic animals and for staining fats. 

Before using, it is to be diluted with 1 to 8 times its bulk 

of water. 

PIOBIO ACID, saturated solution. 

Preparation, — Saturate water with picric acid by wbalring it 
up with the crystals. Allow to stand: decant before use. 
Use, — Hardening reagent. 

PIOBIG AOIDy Eleinenberg*s solution. 

Preparation, — To 250 c.c. saturated solution of picric acid add 
O.C. strong sulphuric acid: filter: make up to 1 litre 
with water. 
Use. — ^Hardening and decalcifying reagent. 
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COSBOtUVS SUBLIMATE, solution. 

Preparation Saturate water with mercuric chloride : 1 litre 

dissolves about 70 grms. 
Use. — (1) As a hardening reagent it is used cold. 

(2) For killing small animals it may be used hot or cold. 

ABSOLITTX ALCOHOL. 

Vse. — ^Hardening reagent, but most used for dehydrating speci- 
mens before putting them into oil of doves or turpentine. 

ALCOHOL (Spirit). 

It is used of the following strengths: 90 per cent., 70 per 

cent., 50 per cent., 80 per cent. 
Prepaflraiion, — ^90 per cent, alcohol is the ordinary 'methy- 
lated spirit.* The weaker solutions are obtained by 
diluting it with water. 
Use, — (1) For preserving specimens ; not weaker than 70 per 
cent. 
(2) Hardening reagent; 90 per cent. 
(8) For dissolving the intercellular substance of certain 
tissues, so that the cells may be isolated by teasing ; 
80 per cent. 

GHBOmC ACID, 10 per cent, solution. 

Preparation. — Dissolve 10 grms. chromic acid crystals in 
100 c.c. water. 

Use, — With or without addition of nitric acid for decalcifying 
bone, etc. As a hardening reagent it most be reduced to 
a 1 per cent or *5 per cent, solution by addition of water 
before use ; and osmic acid may be added to it. 

XtfLLEB'S FLinD. 

Preparation. — Dissolve 25 grms. potassium bichromate and 
10 grms. sodium sulphate in 1 litre water. 

Use, — Hardening reagent. It also dissolves intercellular sub- 
stance, so that the cells may be separated by teasing. 

ACXnC ACID, 1 per cent, solution. 

Preparation. — Dissolve 10 c.c. glacial acetic acid in water: 

make up to 1 litre with water. 
Use. — For clearing tissues, and especially for rendering nuclei 

more distinct. 
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II. REAGENTS USED IN STAINING. 

ALmC CABXIHE. 

Prepanration. — Dissolve 200 grms, ammonia alum in water : 
boil 10 to 20 minutes with excess of carmine : filter : make 
up to 1 litre with water : add a few drops of carbolic acid 
to preserve from mould. 

Use. — Stain for hardened tissues. It may be diluted with 4 
times its bulk of water or less. 

BOBAX GASXIHE (Grenacher's). 

Preparation. — Dissolve 12*5 grms. carmine and 20 grms. borax 
in 500 C.C. water : add 500 c.c. 70 per cent, alcohol : aUow 
to stand two or three days : filter. 

Use, — Stain for tissues which have been hardened. May be 
used warm (50° C.) or cold. The tissues should afterwards 
be treated with acid alcohol. For staining objects which 
are to be mounted whole, it should be diluted with several 
times its bulk of 70 per cent alcohol, and the treatment 
with acid alcohol should be prolonged. 

ACID ALCOHOL. 

Prepa/ration. — To 100 c.c. of 70 per cent, alcohol add *25 c.c. 

hydrochloric or nitric acid. 
Use, — For differentiating stained specimens, and for removal 

of surplus stain. 

PICBOCABXnrE. 

Preparation, — Dissolve 10 grms. carmine in 40 c.c. strong 
ammonia and 2 litres water. Add 50 grms. picric acid. 
Shake well a few minutes : allow to stand : and decant. 
Allow to stand a few days, stirring occasionally. Evaporate 
to dryness over a water bath. To every 2 grms. of dry 
residue add 100 c.c. water. 

Uee, — Stain. It may be used with advantage for specimens 
hardened with osmic acid or otherwise. Subsequent im- 
mersion for a short time in acid alcohol improves the effect 
in the case of some tissues. If the object be dehydrated 
rapidly, or by means of alcohol containing picric acid, a 
double-stained effect may be obtained, some tissues being 
stained yellow and others red. 
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BAXAn^S OABXIR. 



Preparation. — Dissolve 80 grms. carmine in 240 c.c strong' 
ammonia: add glacial acetic acid drop by drop till neutral i 
allow to stand four weeks : decant and filter. 

The deposit may be redissolved and the solution neu- 
tralised as before, the product being preferable to the 
solution first obtained. 

TJse* — Stain for hardened tissues. It may with advantage be 
used warm. It is especially useful for animals like the 
leech, which are liable to become too hard if treated with 
borax carmine and acid alcohol. 

HJSXATOZTLIH, Eleinenberg's solution. 

Prepoflration, — Make two solutions, (a) and (b), as follows. 

(a) Saturate 70 per cent, alcohol with crystallised calcium 

chloride, and add powdered alum to saturation. 

(b) Saturate 70 per cent, alcohol with alum. 

Mix 100 c.c. solution (a) with 800 c.c. solution 
(b) : allow to stand a week : decant and add a few 
drops of saturated solution of hsematoxylin in abso- 
lute alcohol. 

The solution should be of a deep violet-blue 

colour. If it be reddish, add a solution of sodium 

carbonate (not bicarbonate) drop by drop till the 

violet-blue colour is obtained. 

TJm. — Stain. The specimen must be previously placed in 

strong alcohoL It will not give satisfistctory results with 

tissues which contain acid. 

XAGSHTA. 

Preparation, — Dissolve *6 grm. crystallised magenta (roseine) 
in 1 litre water. Add 6 c.c. absolute alcohol. 

Use, — Stain. Used for fresh preparations. Not fitted for 
specimens of which it is desired to make permanent pre« 
parations. 

GOLD CHLDBIDE, 1 per cent, solution. 

Preparation. — ^Dissolve 1 grm. gold chloride in 100 c.c. water. 
Use. — Stain for nerve-tissues. It may be diluted with an 
equal bulk of water. 
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ni. CLEARING REAGENTS, 

(i.e. REAGENTS FOR RBMOYINa ALCOHOL OR PARAFFIN, AND 
RENDERING THE OBJECT PERMEABLE BT BALSAM). 

OIL OF CL0VS8. 

Use. — ^To remove alcohol from an object before mounting it in 
balsam. The object must be left in the oil till it becomes 
transparent : if left too long the object may become 
brittle. 

T17BPXNTIVB. 

Use. — ^To remove paraffin from sections {see Introduction, 
p. xzx). 

OBEA80TS AHD TUBPSmHE. 

Preparation. — Mix 100 c.c. creasote with 400 cc, turpentine : 

allow to stand till clear. 
Use. — Same as turpentine, but must not be used for sections 

cemented down with shellac. 



IV. MOUNTING MEDIA. 

BAIT BOLVnOV, *75 per cent. 

Preparation. — Dissolve 7*5 grms. common salt in 1 litre water. 
Use. — Living or fresh tissues are usually examined in it. 

OLTGBIUH. — Used either pure, or diluted with an equal bulk of 
water. 
Uee. — ^For mounting microscopical objects. 

OLTCBBm mXT. 

Preparation. — Soak gelatin in water till soft : pour off excess 
of water : melt, and while still fluid but cool add one- 
eighth of its bulk of white of egg : mix thoroughly : boil : 
strain through flannel : to strained fluid while still hot add 
half its volume of a mixture of equal parts of glycerin and 
camphor water. 

P P 
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Use. — For motmtmg microscopical objects which are too 
transparent when mounted in balsam. (See Introduction, 
p. xxix.) 

FASBAJrT*8 XEDiniL 

PrepoTfUkm. — Dissolve 400 grms. white gum arabic in 400 cc 
water without heat, stirring occasionally : add 200 co. 
giyoerin : strain through clean flannel if necessary. Keep 
in a stoppered bottle with a piece of camphor. 

Use, — Same as glycerin-jelly, but it is used cold, and objects 
may be transferred to it direct from water. It soon 
hardens at the edges : ringing with varnish is therefore 
unnecessary. 

CAVASA T>AT.BAir 

Pr^aratian. — May be used as bought from the chemist, or 

diluted to a suitable consistency with benzol or turpentine. 

Still better, evaporate to dryness : powder and dissolve in 

chloroform, benzol, or turpentine. 
Use, — The most usefiil of all media for mounting stained 

objects. (For mode of using, see Introduction, p. xxz.) 



V. MICROTOMIST'S MEDIA. 
eUX-WATZB. 

Preparation, — Dissolve gom-arabic in 8 times its weight of 
water without heat : allow to stand : strain if necessary. 

Use, — ^For impregnating objects to be cut by the freezing 
microtome. 

PAXAFFDI. 

Melting point about 56° C. 

Use, — ^For imbedding objects to be cut into sections. 

SOFT PABAPPHr. 

Melting point about 40° C. 

Use. — (1) To mix with hard paraffin when used in a cold 

room (see Introduction, p. xzviii). 

(2) To smear the sides of the block that is being out, 

so as to ensure the sections cohering by their edges into 

a continuous ribbon. 
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VL CEMENTS FOR FIXING DOWN SECTIONS 

CUT IN PARAFFIN. 

8HSLLA0 AHD ALCOHOL. 

Preparation. — Dissolve perfectly dry bleached sheUac in ab- 
solute alcohol: allow to stand two or three weeks: decant. 
Keep in a bottle with a cap ground to fit. Dilute with 
absolute alcohol when it becomes too thick to flow evenly. 

Use, — For fixing sections in order upon the slide. For method 
of using, see Introduction, p. zxz. If the film becomes 
white and opaque on drying, warm it to 60^ C. till the 
opacity disappears. 

OOLLODIOV AHD OIL OF CL0YE8. 

Preparation. — Mix equal parts of collodion and oil of cloves. 

Use. — Same as above. The slide is smeared very slightly with 
the mixture and the sections laid upon the film while still 
moist. Then proceed as with shellac and cloves. 
If the solution becomes too stiff dilute with ether. 

eLTCXBIH AJTD ALBTrXEH. 

Prepa/ration. — Mix equal volumes of firesh white of egg and 
glycerin. Keep a piece of camphor in the bottle. 

Use. — Same as above. After clearing, the slide must be placed 
in absolute alcohol for a few minutes and then returned to 
turpentine. 

If desired, sections may be stained after they are fixed 
to the slides. To do this, clear as before, transfer succes- 
sively to absolute alcohol, 90 per cent, and 70 per cent, 
spirit ; then stain, and transfer to the alcohol in the reverse 
order (70, 00 per cent., absolute) : clear and mount. 

VII. INJECTION FLUIDS. 

GABimrx niJECTiov flvid. 

Preparation. — Rub up carmine in water : add ammonia drop 
by drop till the carmine is dissolved : filter : evaporate at 
a gentle heat, stirring constantly to get rid of the ammonia. 
Rub up the residue with camphor water. 

Use. — For injecting small animals and parts of animals. It 
most be well shaken before use. 

F F 2 
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PBITBSIAV-BLITS DlJSCnOV TLiriB. 

Prepa/ration. — ^To a solution of ferric chloride add a few drops 
of hydrochloric acid and sufficient potassimn ferrocyanide 
to canse complete precipitation. Shake before use. 

PLA8TEB OF PASI8 DUXOnOir. 

Prepa/ration. — Bub up fine plaster of Paris with water, in a 
mortar, to the consistency of thin cream. Colour to the 
required tint with carmine injection fluid or with French 
blue. Strain through fine muslin. 

Uw, — ^For injecting blood-vessels, etc., of rabbits and other 
large anhnals. It must be used immediately after prepa- 
ration. {See Introduction, p. zxL) 

esLAxnr nusonov. 

Preparatioju — Soak gelatin in water till thoroughly soft. 
Pour off the superfluous water : melt and stir inter it car- 
mine injection fluid, or other insoluble colouring substance, 
and a few drops of carbolic acid ; or if preferred the 
gelatin may be soaked in camphor water, and carbolic 
acid is then unnecessary. Stir till almost cold. The in- 
jection is solid when cold. 

Use, — For injection of specimens of which it is proposed to 
make sections. It is to be melted, and kept well stirred 
during injection. If the specimen is larg^ or difficult to 
inject, the whole operation must be performed in a vessel 
of water as hot as the hand can bear it. 

iraxTE-oF-BGO nijscnov. 

Preparation. — Bub up firesh white of egg with carmine injec- 
tion, or other colouring fluid which will not cause coagula- 
tion of the albumen. 

Use. — ^For injecting specimens of which sections are to be cut. 
It is used firesh, and the specimen is then placed in alcohol, 
or corrosive sublimate, or in hot waten 

<OTFX nmSCTIOH. 

Preparation, — Make a thick mucilage of gum-arabic and cold 

water. 
Use. — ^Inject cold, previously colouring as desired. Plunge 

the specimen into alcohol, and the injection will solidify. 
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Abdomen : Cftq0bA» 1S9 ; Ooekroaeh, IW 

Abdominal appendage : CragfUhy 130-131 ; (^tekroaehy 159 

Abdominal pore : Dog-fith^ 199, 217 

Abdominal Tiaoera : Dog-JUh, 817-218 ; RaJOit, 319-319 ; Pigeon, 404*109 

Aoetabolom : RabbU, 299 ; F<ml, 391 

Acromion : RaJbbU, 294 

Adrenal body : RabbU, 316 ; FtQeon, 420 

After-shaft : Pigeon, 398 

Air-aaoa : Pigeon, 401-403 

Aln oordU : Craiifieh, 142 

Ala spuria : Pigeon, 397 

Albomen gland : Snail, 108, 117 

Ali-6phenoid : B4Mitt, 277 ; Fowl, 380 

Alimentary canal, »ee DigestlTe System 

Alternation of generations : lAver^fiuke, 26 

Alreolos : RabbU, 286 

AlKBBA, 1-3 

Amphioxus, 170-196 ; external characters, 170-171 ; skeletal system, 173-174 ; mnaoular 
system, 174-176; digestire and respiratory systems, 176-177; atrial 
caTlty, 177-178 ; ooslom, 178 ; circulatory system, 179-180 ; excretory 
system, 180 ; nerroos system, 181-183 ; sense organs, 183 ; repxodnctiTe 
system, 183«184 ; transTerse sections, 184-196 
AniqwphTsis, m» vertebra 
Angnlar bone : Foiel, 386 
Anile, eee Tanas 
Ankle-joint : Fowl, 393 
Annnlos : Leech, 88 ; Bartkucorm, 67 
Anodonta, eee Mussel 
Antenna : Cnxufith, 136 ; CbetroocA, 167 
Antennule : Craj/fiA, 136 
Anti-trochanter : Fowi, 391 
Anus : Pitnmeeivm, 6 ; Vortieella, 10 ; Leech, 39 ; BariheBorm, 68 ; Utuml, 84, 96 ; Aiotf , 

106 ; Oanftsh, 146 ; Cockroach, 167, 163 ; Ann>hioTut, 171, 196 ; Rabbit, 806 
Aorta : Muted, 89-90 ; Snail, 123 ; RabbU, 324, 329 ; Pigeon, 413, 416 
oardlac : AmphUfunu, 179, 190 ; Dog-fiah, 232 
dorsal : Amphioxui, 179, 190, 193 ; Dog-Jieh, 233, 234 ; Pigeon, 416 
Aortio arch : Av^Moxut, 179 
Aperture, eee aieo Foramen 

auditory : Cnm/lih, 136 ; RabbU, 291, 806 ; Pigeon, 400 

oloaoal : Mueeel, 83 ; Dog-fith, 198 ; Pigeon, 899 

excretory : Liver^uke, 29 ; Leech, 39 ; Earthworm, 68 ; Mueeel, 92, 99 ; anatt, 

112 ; Craufleh, 136 
exhalent : Ifussei, 83 
external : Leech, 39 ; Earthteorm, 68, 69 ; Ifuteel, 84 ; Snail, 106-106 ; Obck* 

roach, 167 ; Dog-fith, 198-199 ; Pigeon, 399-400 
genital : Uoer-fiute, 27, 32 ; Leech, 39 ; Earthuorm, 68 ; J/uuet, 92, 99 ; SnaU, 

106; Clra|^133; OiwtrMieA, 167 
hyoidean : Amphtoxtu, 176 
inhalent : Muttel, 83 
of Eustachian canal : RabbU, 290 ; FokI, 378, 379 
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Aperture, of Eustachiaii tnbe : Rahbtt, 811 ; Pfifemty 404 

on surface of skull : Rabbity 28S-S91 ; Me aUo Foramen 
posterior narial : Pigttm^ 404 
reno-pericardial : Mutael^ 93; Snail^ 111 
respiratory : SnaU, 106, 109 ; Coekroaeh^ 157 
urino-Kenital : RahbU^ 306 
Appendage : Crajt^Uh, 126, 128, 129-136 ; Cockroach, 167-169 
abdominal : Ctxtyfith. 130-131 ; Cockroach, 169 
head : Crawfish, 134-136 ; Cockroach, 167-169 
thoracic : Cranflsh, 131-134 ; Cockroach, 169 
Apteria : Pigeon, 399 
Aqnednctus Fallopil : RabbU, 882 

Testibuli : Dog-fith, 206, 361-262 
Arbor Titn : RalMt, 366 
Arm, «M Fore-limb 
Arteries: Muuel, 89-90; SnaU, 123-124; Cratfith, 161-162; Dog-JUh, 290-236; BaXUt^ 

329-332 ; Pigwn, 413-416 ; jee aiw Aorta 
Artery, brachial : BatMi, 329 ; Figeon, 414 

branchial : Dog-fi$h, 232 

carotid : Dog-JUh, 233 ; AiMtf, 829, 846 ; Pigeon, 414 

caudal : Dog-fiih, 234 ; iV^n* ^^^ 

coBliac : Hog-fish, 236 ; AiJ^tf, 330 ; i^nm, 416 

coronary : Rabbit, 336 

epibranchial : Dog-fiMh, 233 

external carotid : Dog-JUh, 234 ; Rabbtt, 380 ; PK/nm, 414 

femoral : Pigeon, 416 

hyoidean : Dog-fish, 234 

iliac : Dog-fish, 236 ; i2a6Ml, 881, 882 ; Pignn, 416 

ilio-lumbar : RabbU, 382 

inferior (posterior) mesenteric : Dog-fish, 236 ; Rabbit, 381 ; /^(^raii, 416 

innominate : Rabbit, 329 ; Pigeon, 413, 414 

intercostal : Rabbit, 330 

internal carotid : Dog-fish, 234 ; /iaUtff, 880 ; Pigeon, 414 

internal mammary : Rabbit, 880 

lieno-gastric : Dog-fish, 236 

lumbar : Ai&Mr, 331 

mesenteric : Dog-fish, 236 ; Babbit, 380, 831 ; Pigeon, 416, 416 

OTarian : RabbU, 331 

parietal : Dog-fish, 236 

pectoral : Pigeon, 414 

pubic : Pigeon, 416 

pulmonary : Ai&M/, 824 ; PK^won, 418 

renal : Dog-fish, 236 ; RabbU, 381 ; iV0«m, 416, 416 

sacral : Rahbit, 331 

sciatic : Pigeon, 416-416 

spermatic : Rabbit, 331 

subcUTian : Dog-fish, 236 ; RabbU, 329, 830 ; I*igeon, 414 

Ycrtcbral : RabbU, 330 ; Pigeon, 414 

yesical : RabbU, 832 
Althro-branchia : Crayfish, 187, 188 
Arthrodial membrane : Crajf^SiA, 128 
Articular bone : Fowl, 386 
Articular process, see Vertebra 
Arytenoid cartilage : RalbbU, 360 
Astacus, see Crayfish 

Atlas yertebra : RabbU, 369-270 ; Fowl, 871 
Atrial oayity : AmpMoxus, 177, 186, 189-190, 199, 193 
Atrial epithelium : Amphioxus, 188-189 
Atrial fold : AmpMoxus, 177 
Atrial pore : AmpMoxus, 171 
Auditory aperture, see Aperture 
Auditory capsule : Dog-fish, 206 ; RabbU, 381-289 
Auditory organ : Mussel, 94 ; Snail, 121 ; Crawfish, 150 ; Dog-fish, 261-262 ; Pigeon, 

426-428 
Auditory ossicle : iZo^M/, 283-284 ; FovO, 878. 386 ; Pigeon, 437 
Auricle : Mussel, 89, 100 ; Snail, 111 ; Dog-fish, 323, 237 ; RabbU, 338-384, 838-^33 ; Pigeon^ 

416-417 
Auricular feathers : /V^on, 400 
Axis vertebra : RabbU, 370 ; Fo^, 371 
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Backbone, jw Vertebral oolamn 

Barb : PlffeoHy 898 

Barbule : /"f^von, 398 

Bast-branchial : Doq-JUH^ 818 

Basl-hyal : Dog-^Uh, SIS 

3a9i-occipital : JiablfU, S76 

lasipodite, jw Appendage 

Zaai-pteryglnm : Dog-fiah^ S14 

Bui-sphenoid : RaJfMt^ S77 

Bhsi-temporal : /Vmt/, 877 

Baak : Pigeon, 396 

BJe-dnot : Mtutel, 96 ; SnaU, 116 ; Cra^fUk, 144 ; Dog^Uh, S80 ; iSoMO, 817 ; /Vewt, 408 

Sbd0, characters of, 867, 895 

B adder : RabbU, 815, 887 

Btatta, see Cockroach 

Biood : Letcht 43 ; Earlhteorm, 68 

Bood-siniu : Leech, 48-44, 54 ; SmO, 1S4 ; Crag^h, 189-141 ; see also Sinns and Tefn 

Blood-yessel : Leech, 43-44, 54-55 ; JEarthworm, 6S-68, 74, 76 ; Jiussei, 89-80 ; anaU, 123- 

124 ; see also CircolAtory System, Artery, Vein 
Sody-carity, see Oslom 
Bojanos, organs of : Mussel^ 91-9S 
Bone, cartUage : RaWt, 264, 875 

membrane : EaibU, 864, 876 

sesamoid : RabbU, 864 
BotryoidiU tissue : Leech, 56 

Brain : Dog-JUh, 247-248, 256-259 ; BatbU, 860-366 ; Pigeon^ 488-484 
Brain-case, see Cranium 
Brain, cayity of, see Ventricle 
Brain-membrane : RatbU, 351-858 
Branchia, see Gill 
Branchial arch : Dog-JUh, 818-813 
Branchial bar : Amphioxus, 176, 188 
Branchial chamber : MuMtel^ 88, 108 ; CntHflM, 136-187 
Branchial yessels : Dog-^Uh, 830-884 
Branchio-cardiac canal : Crayfish, 148 
Branchlo-cardiao grooye : Oraf^Uk, 189 
Branchlostegite : Crajffish, 189, 187 
Bronchos : BatbU, 844 
Baocal oayity : Earthirorm, 59 ; Coetroaeh, 168 ; Am^Uotut, 175, 186; RaWl, 807-313 

/^fi^mm, 408-404 
Buccal mass : SnaU, 113, ISl-lSS 
Bndding : Hpdra, SO 
Bulla, tympanic : AiMtf, 877, 888 
Bursa Fabricil : Ffifeoit, 481 
Byssus : Mussel, 97 

GBBCum : BdbbU, 314, 818, 880 

Calamus : Figeoti, 897 

Canal, branchio-caardiac : CranfUh, 148 

carotid : Foiel^ 377, 378 

central : AmjMoxuSf 186 

interorbital : Dogfish, 807 

mucous : Dog^Uh, 199, 868-863 

naso-palatine : AaMtf, 309 

neural, see Vertebra 

of Laurer : Hrerfiuke, 81 

pericordlo-peritoneal : Dog-fish, 838 

reno-pericardial : Mussel^ 98 ; ahotf, 111 

semicircular : Dog-fish, 806, 868 ; Pigecn, 488 

urino-genital : iZoJMl, 888, 848 

yertebrarterial, see Vertebora 
Oapitulum : RalMt, 874 
Carapace : Craj/fishs 188 
Oardla : RaJtMt, 316 
Cardo : Coekroaeh, 158 
Carina : Fotel^ 374 
Carpopodite, see Appendage 
Garpo-metocarpus : /Wl, 888, 889, 890 
Carpus : ^pieoi, 897 ; JZotMl, 897-898 ; iWf, 889 
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CWtilAge-bone : RaitU, S64, 276 
Oentnim : Dog-fithy SOI ; tee al» Vertebra 
Oephalo-thorax : Craif/M, U8 
Oeiato-branchiAl : Dog-JUh^ S13 
Gerato-hyal : Dog-JUh, SIS 
OeroarU ; IAter4luke^ 36 
Oeici : Coekrwuk, 157, 168 
Cexe : Fiffeon, 896 

CerebellQm : Doff-JUh, S48, S58 ; RcMU, S6S, 866 ; FiffeoH, 4S3 
Cerebral hemispheres : Dog-fith, S47 ; Rabbit, 86S, 364, 868-861, 868 ; Pigeon, 4S8 
Oenrloal oanal : Cn^/fUh, 187 
Oezrioal grooTe : Crawfish, 1S8 
GhelJB : Cmnfithy 188 

Ohiuma, optic : Dog^Uh, 867 ; RaXtU, 866, 864; Pigeon, 484 
Chlorophyll : Ejfdra, S8 
Chords tendinesB : RaMt, 384 ; Pigeon, 417, 418 
Choroid : Dog-JUh, S60 
Choroid plexus : Dog-^Uh, S68 ; JtoUtt, 860 
Cilia : Porasnedum, 6 ; OpaUna, 7 ; Forfteibi, 10 
Cingolnm : BaiihiBorm, 67, 78 
Circnlation, course of : Muud, 90 ; Crtmfiih^ 189 

Circulatory system : Leech, 43-44, 54-^6 ; Rarihworm, 6S-«3 ; liustel, 88-90, 99, 100 ; 

8naU, 1SS-1S4 ; Cirq^fA, 189-14S ; Cockroach, 161 ; iln^iManu, 
179-180 ; Dog-fiMh, SS3-S88 ; RatbU, 3SS-386 ; iVo«S 409-a8 
Cirrus : AmphUmu, 171 
drrus-eac : lAver-ftuke, 81 
Clasper : Dog^eh, 198, S16 
QaTioIe : RaXMt, S95 ; /"oirl, 387 
Clinoid process : RtMM, Vfl, S79 
Clitellum : Rarthtporm, 67, 73 
CUtoris : RaMft, 306, 34S 
Cloaoa : Dog-fish, S42, S46 ; Pigeon, 481, 4SS 
Cloacal apcorture : Jitutel, 83 ; Dog-fith, 198 ; i^^«on, 399 
Qoaoal chamber : Muetel, 8S, 87 
Clypeus : Coctroaeh, 164 
Cnemial crest : RaJMi, 301 ; Fmel, 39S 
Cnidooil : Hydra, 18 
Cochlea : RtMrii, 882. 804 

CocKBOACH, 163-169 ; external oharaoten, 164^167 ; appendages, 167-161 ; circulatory 

system, 161; digestiye system, 16S-164 ; excretory system, 164; 

respiratory system, 164-166; nervous system, 166-167; sense-organs, 

167 ; reproductiye system, 167-169 

Cocoon : Leech, 37 ; Rarthworm, 66, 66 

CoBlom : Leech, 43-44, 64 ; Rarthworm, 69, 78 ; Muuel, 93 ; AmpMoxiu, 178-179, 190, m, 

193, 196 
CcBlomlo canal : Amphimnu, 178, 190, 19S 
CoUar : SnaU, 106 

Colon : Cockroach, 163 ; Dog-JM, S19 ; Rabbit, 314, 319, 320 
Columba, eee Pigeon 

Columella : anaU^thell, 106 ; Fotel, 376, 886 ; Pigeon, 427 
ColumnsB camesB : Rabbit, 336 
Commissure, of brain : Rabbit, 363-364 
Condyle, of skull : Dog-JUh, 809 ; RabbU, 877 ; Fovel, 377 
Conjugation : Paramecium, 6 ; Vorticetta, 11 
Conus arteriosus : Dogfith, 223, 237 
Coraooid : Fowl, 387 
Coracoid prooess : RaXMt, 294 
Cornea : Crayfieh, 149 ; Cockroach, 167 ; Dog-fish, 260 
Coronoid prooess : Rabbit, 287 ; Fowl, 386 
Corpus or Corpora 

albicans : RaXMt, 866, 364 
callosum : RaVbU, 362, 363 
caTemosa : RahbU, 338, 339, 342 
geniculatum : Rabbit, 361 
mammillare : RabbU, 366, 364 
quadrigemina : RahbU, 304, 362. 362, 366 
spongiosum : Rabbit, 339 
striatum : Rabbit, 369 
trapeioidea : Rabbit, 366 
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Cotyloid bone : BaNM, 299 

CSoTert feathers : Pfgeon, 399 

Goza : Coekroaehy 109 

Goscopodlte, see Appendage 

Cranium : Doff-^Uh^ 203 ; Rabbit, 275-290 ; Fowl, 876-381 

CBAYnsH, 125-102 ; external chaiBcters, 126-129 ; appendages, 129-136 ; gills, 136-138 ;. 

oiroolatory system, 189-142 ; xeproduotiTe system, 142-143 ; digestiye- 

system, 143-146; excretory system, 147; nerrotu system, 147-148; 

sense-organs, 149-151 ; injected specimen, 151-152 
Cribriform plate : RabbU, 280 
Cricoid cartilage : jRabbit, 343, 860 

Crop : Leech, 42-43 ; Earthmtrm^ 60 ; iftaai/, 116 ; Coetroaeh, 162 ; Pigeon^ 406 
Crura cerebri : RahbU, 865, 363, 366 
Cntaneous blood-ressels : Leech, 44 
Cuticle : Faramedum, 5 ; YortioeUa, 10 ; lAter^Mx, 27, 83 ; Leeeh^ 51 ; fisrf Airorm, 57 

72 ; Muua, eee Shell ; SnaU, see Shell ; CroKfUh, 126 ; Coeiroaehy 153 

Dactylopodite, eee Appendage 

Dart-sao : anali, 118 

Dentary bone : Fowi, 885 

Dermis : Leedt, 51 ; Earthworm, 73 ; Amphkunu, 186 

Deyelopment : Liter^uke, 32-36 ; Mueeel, 76, 97 ; CnxjffUh, 126; Doff-lteh, 196, 238-239 ; 

Rabbit, 304 ; Bird, 395-396 
Diaphragm : Rabbit, 315, 321 

DigestiTe system : Uver-ftuke, 27-29 ; Redla^ 85 ; Cercaria, 36 ; LeecK, 41-43, 54 ; Earth- 

worm, 59-62, 73-74 ; Mueeel, 95-96 ; SnaU, 113-116 ; Crawfish, 143- 
146 ; CieNs^btNKA, 162-164 ; AmpMoxue, 175-177 ; Dotfieht 219-221 ; 
i2a6M, 315-820 ; Pigeon, 403-109 
Digit : RaXbU, 298, 303 ; /'oirj, 390, 394 
Disc: ForfieeIta,8 
Distomnm, eee Urer-finke 

Doa-nsH, 196-263 ; external characters, 197-200 ; skeleton, 200-217 ; abdominal oavity 
and Tifloera, 217-218 ; digestlTe system, 219-231 ; respiratory systnn, 
221-222 ; circnlatory system, 222-238 ; renal and reprodnctiTe systems,. 
238-246 ; nenroos system, 246-259 ; sense-organs, 259-263 
Daot, bUe : MMeeei, 96 ; SnaU, 116 ; Crayfith, 144 ; Dog-fith, 220 ; Rabbit, 317-818 ; Pigeon 

408 

common genital : Snail, 117 

hermaphrodite : Snail, 117 

laorymal : RathU, 281 

mesonephric : Dog-JIsh, 238-239, 241, 243 ; RabbU, 335 ; Pigeon, 420 

metanephric : Dog-Mi, 238-239, 242, 245-246 ; RabbU, 385 ; Pigeon, 420 

Mtaierian : Dog-fith, 238, 239, 246 

of salirary receptacles : Cockroach, 163 

orariaa : Liver^iuke, 31 

pancreatic : Dog-fish, 221 ; Rabbit, 316 ; Pigeon, 408-109 

pronephrio : Dog-fish, 238, 239, 246 ; Rabbit, 336 ; Pigeon, 420 

saUrary : SnaU, 116 ; Cockroach, 162, 163 ; RiObU, 311-313 

segmental : Dog-fish, 238 

Stenonian : Rabbit, 811 

Titellarian : Liter^uke, 81 

Wharton's : RabbU, 313 

Wolffian : Dog-fish, 238-239, 241, 243 
Doctns arteriosus : Rabbit, 324 
Ductus ejaculatoritts : Liver-fiuke, 30 ; Cockroach, 167 
Duoednnm : RabbU, 314, 316 ; Pigeon, 406, 407 
Dora mater : RabbU, 351 

Ear, eee Auditory Organ 

Earthworm, 56-75 : external characters, 57-59 ; digestiye system, 59-62 ; circulatory 

system, 62-63 ; excretory system, 6S-65 ; reproductire system, 65 -70 ;-. 

nervous system, 70-72 ; transrers sections, 72-75 
Eodysis : Crayfish, 126 ; Cockroach, 153 
Botoderm : Bfdra, 16, 17-19, 22-23, 24 

Botoearo : Amceba, 2 ; Poirameeitan, 4 ; Opalina, 7 ; rorHeella, 10 
Bgg,«arOTum 
Elytoa : Cockroach, 155—156 

Embryo : Liver-fiuke, 88 ; liussei, 76, 97 ; Crayfish, 126 ; Rahbit, 804 
Bnoystment : Vortieella, 12 
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Endoderm : fffdra^ 17, 19, S3, S4 

Eodophra^mal skeleton : CroiTCiA, 147 

Bndopodite : Cmj^^bA, 139 ; tee aUo Appendage 

Bndosarc : AmoAa, 3 ; Parttmeeium, 6 ; Qpo/taa, 7; Vortieeaa, 11 

Bpi-bxanohlAl : Dog-^Uh^ SIS 

Bpicnmiom : Coctroaeh, 164 

Bpidennis : Leeeh^ 61 ; EartJworm^ 7S ; ^nifiMainM, 186 

BpididymiB : Letch, 49 ; iSoMtf, 337 

BpiglottlB : Rabbit, 310 

Bpimera: Oajc^A, 187, 137 

Bpiotio : RabbUy S81 

Epiphngm : SmM, 103 

BpiphjBis, of rertebra : RaVbU, SM 

l^ipleoral oarity : AmphUunu, 177 

lE^iplearal fold : An^htamu, 177 

Bpipodite : Craffith, 130 

Bthmoldal region : JtaJbbU, S79 

Bthmo-turbinal : AiMir, S80 

Biutaohian tabe : RahbU^ 311 ; Pigeom, 4S7 

Biutaohian Talye : RaVbUy 333 ; Pigeon, 416 

Ex-oocipital : RalbbU, 377 

Bzopodite : Cmx^CtA, 188 ; em aleo Appendage 

Bxoskeleton : Craji/Uh, 186-188 

Extra-branchial : Dog-JUh, 813 

Bye: Leech, 60; SnaU, 181 ; Cfrait/leh, 149; Codtroaeh, 164, 167 ; AmpMoxtu, 183; l^oow 

ybA, 848, 860-861 ; RabbU, 306 ; Piffeim, 484-486 
ByeUd: /Vwn,484 
I^e<maacle, eee Moscle 

Fabella: RabbU, 301 

Fallopian tube : RabbU, 841 

Falz oeiebrl : Rabbit, 368 

Fasoiola, eee liTer-floke 

Pat-body : Cockroach, 168 

Feathers : Pigeon, 397-399 

Femnx : CoeJtroaeh, 169 ; Rabbit, 800 ; /Vnt/, 398 

Fenestra : Cockroach, 164, 167 

Fenestra ovalis : RabbU, 883 ; Fowl, 378, 386 

Fenestra rotunda : RaHbU, 883 ; Fowl, 378 

Feuestxal recess : Fowl, 378 

Fibula : RahbU, 801 ; /bir<, 393 

Filoplnme, 399 

Fin : Amphioxue, 171 ; Dog-Jieh, 197-198, 814-317 

Fln-ray : Dog-fieh, 814, 316 

Fission : Amaba, 3 ; Paramecium, 6 ; Opalina, 7 ; VortiedlOt 11 ; Ufdra, 20 

Flagella : iTydro, 19 

Flagellnm : SwM, 118 

Floccular fossa : Rabbit, 888 

Floocular lobe : Rabbit, 363 

Fontanelle : Dog-Jleh, 306 

Food : Amoeba, 3 ; /\iftiiiMe(ian> 6 ; OpaUna, 7 ; VortieeUa, 10 ; Hydra, 13 ; ZeecA, 37 ; 

Earthworm, 66 ; Mueeel, 96 ; SmtO, 103 ; Cragfiah, 126 ; O^etMNicft, 163 ; Ito^- 

;(iA,196 
Foot : Hpdro, 16 ; Mtueel, 83 ; 5mi«, 104 ; RabbU, 303 
Foramen, anterior palatine : Rabbit, 886, 889 

condylar : Rabbit, 890 

for internal carotid artery : Dog-^leh, 809 ; Rabbit, 883, 290 

ilio-sciatic : Fowl, 391 

incislTum : Rabbit, 889 

inferior dental : Rabbit, 888 

infianorbital : RabbU, 886, 289 

internal orbital : RabbU, 889 

lacerum anterius : RabbU, 878, 888 

lacerum medium : RabbU, 889 

laoerum posterius : RabbU, 890 

lacrymal : RabbU, 290 

magnum : Dog-fish, 809 ; TZa&MT, 891 ; Fowl, 377 

obturator : RabbU, 399 ; /WX, 391 

of Monro : Rabbit, 360, 364 ; Pigeon, 484 



, opdo : AitUti, ITS, ns 



>K m, 401 



lor Ird ciulsl m 



Idt Uth cruUI ni 



». IH8 ; Fomt, 980 
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I : £iw;(A W9 ; BaiNI, 390 ; Awf, 177 



POH OTUU : muMi, tij : Jlgnn, 417 

Fowl, ikeletou of, 3e7-3M ; Terlcbnl oolDmn, Mr-3T3 ; rib* wid •! 

Bknll, t7S-98e ; uHDdlcuIai ikslclon, Xt-Mi 
FrouMl bona : Saita, t7» ; /M. 371-381), 181 
PnnUl KgriKiit : AnUK, I78-S7S 
Tntuiel. nephiidlitl : Z«(A, M ; farMmrn, M, U 

Purcoli : ^nci, 187 
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Outnila: ^irr^ulc. It 
QemniMtloB : Hydra, JO 



in of : lAtrr-Jlttt, M 
W. 103 : CnttM, ltS-U8 ; DoriM, »1-Kt 



. : .ImpMorui, 17B ; Dan-JUt, IW 
I : Eanluro'm. (HI ; CHtrgaak, IS 
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GUnd, parotid : RaibU, 311 

pedal : SmaU, Ul 

perinflBal : RahbU, 806, 340, 343 

prostatic : Babbit, 33»-340 

rectal : Dog-JUh, 281 ; RaWt, 340, 342 

Ballyary : Leech, 42, 61 ; SnaU^ 116 ; Cockrwieh, 163; RahbU, 311-313 

shell : Liver-fluke, 31 

sublingual : BaJtibU, 313 

submaxillary : RaXMt, 313 

yolk : Uiver-ftuke^ 31 
aioobldia : Mu»»eh 97 
aiottis : AoMif, 310, 360 ; Pigeim, 404 
Oonapophysis : Coekroaeh, 169-161, 167, 169 
Graafian follicle : BabbU, 341 
Green gland : CroK/bh, 147 

Growth : Muud-*heU, 77, 79 ; SnaiUheU, 106 ; Cranfish, 126 
Gubemaoulum : Babbtt, 337 

Hasmal arch : Dog-fish, 201-902 

H»inal process : Dog-JUh, 202 

H»mal spine : Dog-fiih, 202 

Hemoglobin : Earlhvonn, 62 

Hallux : RiMfU, 303 ; Fowl, 394 

Hamular process, RalMi, 286 

Hand : RuHMt, 298 

Head : BnaU, 104 ; CranfUh, 128 ; Coetroaeh, 164 ; jeaUtf, 306-306 ; Pf^ieon, 396 

Heart : Earthworm, 63 ; Muuel, 89, 100 ; SnaU, 111 ; Crti^B/Uh, 141 ; C%ieiroadk, 161 ; Z>99- 

JUh, 223, 237 ; iSaUif, 320, 3S2-S33, 832-336 ; Pigeon, 404, 409-410, 416-418 
Helix, eee Snail 
Hepatic cseoa : (hctroaeh, 164 
Hepatic cells : Earthworm, 62, 74 
Hermaphrodite duct : SneM, 117 
Hermaphrodite gland : Snail, 108, 116 
Hind-brain : Rabbit, 363, 366-366 
Hind-limb : RaibU, 300-303, 307 ; Foiel, 898-394 
Hinge of mussel-shell, 78 
Hippocampus major : Rabbit, 869 
Hlrudo, eee Leech 

Humerus : Rabbit, 296-296 ; Fowl, 388-389 
Htdbjl, 13-26 ; general appearance, 16 ; structure, 16-20 ; reproduction, 20-22 ; teased 

specimens, 22-23 ; transyerse sections, 24-26 
Hydra, species of, 13 
Hymen : Dog-fish, 241 
Hyoid bone : RabbU, 288, 343 ; Fowl, 386 
Hyoidean arch : Dog-fish, 212 
Hyomandibular cartuage : Dog-fish, 212 
Hyostylic skull : Dog-fish, 212 
Hjrpapophysis, see Vertebra 
Hyperbranchial groore : AmpMoxus, 176, 189 
Hjrpo-branchial : Dog-fish, 213 
Hypobranchial groore : AmphSoxus, 176, 189, 199 
Hypostome : Hydra, 16 

Heum : Cockroach, 163 

Ilium : RaJbbU, 209 ; Fowl, 391 

Incisor : RabbU. 292, 293 

Incus : RabbU, 284 

Infundibulum : Dog-fish, 267 ; RahbU, 864, 364 ; Pigeon^ 424 

Injection : Liter-fluke, 26-27 

Integument : Leech, 61 ; Earthworm, 72-73 ; Snail, 107 ; AmpMoxus, 186 

Intemasal septum : Dog-flsh, 206 

Interorbital canal : Dog-fish, 207 

Interorbital septum : Fowl, 376, 380 

Interparietal : RabbU, 278 

Interstitial cell : Hydra, 17, 21, 22, 24 

Intestine : Liver-fluke, 29 ; Leech, 43 ; Earthworm, 62, 78 ; Muud, 96 ; SnaU, 108, 116 ; 

Crayfish, 144 ; Cockroach, 163 ; AmpMoxus, 176, 193 ; Dog-fish, 218, 219 ; 

Rabbit, 314, 818-320 ; Pigeon, 406, 407-408 
Isohiopodite, see Appendage 
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iBohinm : Rabbit, 299 ; Fottl, 391 

Iter a tertlo ad quartum Tentrioulnm : RcMU, 36fi 

Jacobaon*B organ : RdbbUf 880, 811 

Jaw : Leech, 41 ; Snail, 133 ; CroM/Uh, 134 ; Dog-Ziih, Sll ; RabbU, S84-S88 ; Fowl, S83-38« 

Jngal : BaMU, 386 ; Fowl, 883 

Kidney : Muml, 91-93. 99, 100 ; Snail, 107, 111 ; Crat/Uh, 147 ; AmpMoxtu, 180 ; Dog^Uk, 

218, 238-239, 241, 243 ; BabbU, 815, 836 ; Pigeon, 420 
EUling, mode of : Vortieetla, 12 ; Hpdra, 24 ; lAver^uke, 26-27 ; Z^adk, 37; Sarthworm, 

56, 72 ; ^fnotf , 103 ; Cruf/Uk, 126 ; OMAnMeA, 154 ; BabbU, 805 ; Pigeon, 396 

Labial cartilage : Dogfish, 213 
lAbial palp : MuMtel, 84 ; OMiroaeA, 159 
Labium : Coekroaeh, 15a-159 
lAbmm : Coekroaeh, 154 
lAcinia : Cockroach, 158 
Lacrymal bone : BabbU, 281 ; Fowl, 380 
lacunar tiasae : Muuel, 88 
Lambdoidal crest : Fowl, 377 
Lamella, inferior, me Vertebra 
Lamina terminalis : RaHbiU, 864 
Lanoeletk aee Amphioxiu 
Larynx : RaJbtU, 350; Pigeon, 419 
Lateral line : Dog-fiA, 197 

Lbich, 37-55 ; external oharaoters, 38-39 ; digeetlTe lystem, 41-43 ; coelom and blood- 
resaels, 43-44 ; excretory system, 45-48 ; leprodaoti^e system, 48-18 ; nvt- 
Toas system, 49-50 ; sense-organs, 50 ; transVerae sections, 50-55 
Leg : Crayfieh, 131 ; Cockroach, 159 ; m» aUo Hind-limb 
Lens : Dog-^Uh, 261 ; Pigeon, 426 
Lepos, eee Rabbit 

Life-history : lAter-fluke, 32-86 ; Cra^JUh, 126 ; Coekroaeh, 158 
Ligament, broad : RalblbiU, 841 

ethmo-palatine : Dog-fiA, 211 
falciform : Pigeon, 404 
of jaws : Dog-fith, 211 
of mossel-shell, 77, 78 
pre-spiracolar : Ay^bA, 211 
snspensory of Urer : Dog-^Uh, 218 ; iioNir, 817 
Lignla : Cedawuh, 159 

Limbk tee Pore-limb, Hind-Umb, Appendage, Leg 
Linuuea truncatula, 32, 36 
Lingna : Cockroach, 162 
Lip : anaU, 105 ; BabbU, 305 
LiYer : Mtueel, 96 ; SnaU, 106» 116 ; Craigfith, 144; Amphioxue, 177, 192: Dogfish, 218 : 

RaMt, 314, 816-317 ; Pigeon, 404» 408 
LIVXB-FLUXB, 26-36 ; external characters, 27 ; alimentary canal, 27-29 ; excretory 

system, 29, 35; reprodnctiye system, 29-82; nerroos system. 32: 
l&e-history, 32-86 
Lobi Inferiores : Dog-fleh, 257 
Locomotion : Ama^ 3 ; Parameeivm, 8 ; Vortieella, 11 ; Bgdra, 18 ; Leech, 87 ; Earth' 

worm, 56; Muteel, 76, 83 ; C^tqf^ 125 ; Amphioxui, 170, 174 
Lombrions, tee Earthworm 

Lnng : Snail, 106-110 ; Rabbit, 321 ; Pigeon, 404, 419,420 
Lymphatics : RabbU, 832 

Mallens : RabbU, 283 

Malpighian body : RabbU, 886 

Malpighian tabe : Coekroa^ 164 

]Iamm»: RabbU, 806 

ViMintnAHaw skelcton, characters of^ 265 

Mammals, oharaoters of, 304 

Mandible : CraMi, 135 ; Coekroaeh, 158 ; RabbU, 287-288 ; Fowl, 384-386 

Mandibolar axch: Dog^Uh, 211 ; RabbU, 286-288 ; F\na, 384-885 

Mantle: MuttO, 81-82, 98 ; SnaU, 108 

ManUe-carity : Muttel, 82 ; SnaU, 106-110 

Manubriom mallei : RabbU, 283 

Manafarinm stemi : RabbU, 275 ; /VnoT, 874 

Manns : RabbU, 298; Fowl, 390 

Mastoid portion : RabbU, 281 
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ICastoid process : RaNHt, S8S 

Maxilla : Crau/bh, 134 ; Coetrwuh, 198-169 ; liabbU, 38S ; Fowl, S83 
KazUlAry arch : RabbU, 284-286 
MaziUlpede : Cmffiih, 133-134 
Haxillo-palatine process : Fovl^ 383 
tfaxillo-torbiiiAl : RabbU, 280 

Meatus auditorius extemus : RatbU, S83 ; Ptffeon, 426 
Meatus auditorius intemus : Rabbit, 28S 
MeckeFs cartllaf^e : Fotrl, 385 
Mediastinum : Habbit, 322 
Membrane-bone : Rabbit, 264, 270 
Mentnm : Ooetroaeh, 159 
Meropodite, 9ee Appendage 
Mesencephalon : RabbU, 358, 362-363, 366 
Mesenteron : Cra^h, 143, 144 ; Coetroaeh, 162, 163 
Mesentery : Do<j-JUh, 218 ; RabbU, 316 
Mesethmoid : Rabbit, 279-280 ; Foufl, 380 
MesoglcBa, see Supporting lamella 
Mesonephros : Dog-JUh, 238, 241, 243 ; Rahbit, 336 
Mesonotum : CoeJtronch, 166 
Meso-pterygium : Dog-fi»h^ 216 
Mesothorax : Coekroadt, 156 
Metacarpus : Rabibit, 298 ; /Vw/, 890 
Metacromion : RaVbU, 294 

Metanephros : Dog-JUh, 238, 241, 243 ; J2a6N/, 336 ; PIgem, 420 
Metapleuial canal : AmphUxxm, 179, 190, 19fl, 193 
Metapleural fold : Amphioxus, 171 
Metapophysis, see Vertebra 
Meta-pterygium : Dog-Ji»h, 216 
Metastoma : Crat(/l4h, 135 
Metatarsus : Rabbi/, 303 ; Fovf, 393-394 
Metathorax : Cockroach, 156 
Metosteon : Fotrl, 375 
Mid-brain : Rabbit, 358, 362-363, 366 
Midgut, see Mcsenterou 
Molar : RabbU, 293 
Morula : Liver-fluke, 33 

Month : Baramecium, 6 ; HydrOj 16 ; Liter-fluke^ 27 ; Leeehy 39, 41 ; Earthttorm, 68. 69 ; 
Mussel, 84, 95 ; Aiatf, 106 ; CraM^ 129. 144 ; OoekroaOi, 157 ; ilm/>Atoxiu, 
171, 186 ; Dof/jhh, 198 ; RabbU, 30& ; Figeon, 399 ; see also Buccal cayity 
Mucous canal : Dog-fish, 199, 262-263 
Muscle, bursallB : Figeon, 426 

columellar : Snail, 108 

mandibular : RabbU, 346 

of eyebaU : Dog-fish, 248-249 ; Pigeon, 426 

of neck : Rabbit, 344-346 

of nictitating mombmne : Pigeon, 426 

peotoxal : Pigeon, 400-4UL 

pyramidalis : Pigeon, 426 

quadratus : Pigeon, 425 

retractor penis : iSnoi/, 118 

stemo-hyoid : RahbU, 844 • 

sterno-mastoid : RabbU, 344 

stemo-thyroid : RabbU, 346 

Btylo-hyoid: /iaMiT, 344 
Muscle-process : Hydtxi. 22, 23, 24 
Muscular impres-^ion : Muaselshell, 78-79 
Muscular system : Leech, 53-54 ; Earthteorm, 73 ; Mussel, 81 ; Atnphioxus, 174-175, 185- 

186 ; MP also Muscle 
Muscnli papillares : RabbU, 334 ; Pigeon, 418 
Mushroom-shaped gland : Cockroach, 167 

MuB6Bi« 76-102; shell, 77-80; external characters, 81-84; gills, 86-88; circulatory 
system, 88 -90; excretory system, 91-93 ; nerrous system, 93-96 ; digestlTc 
system, 95- 96 ; reproductiye system, 96-97 ; transyerse sections, 97-102 
Myophan striation : Paramecium, 4 ; Opalina, 7 ; Vortieella, 10 
Myotome : Amphioxus, 171, 174, 185 

Kaoreotts layer : Musselshell, 80 ; Snail-shell, 107 
Kasal bone : RabbU, 280 ; Fowl, 881 
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Nasal cartilage : Dog-Jlah, 209 
Kaaal chamber : RabbU, 310-4(11 
Naao-torbinal : RabbU, 281 

Neck : Ooekrwuh, 156 ; BatbU, 343-3S0 ; A^wm, 896 
Nematooyst : Hydra, 18, 19, 23, 24 ; discharge ot 19 
Nephridia : Leeeh^ 46-48, 66 ; Earlhworm^ 63-66, 74 
Nephrostoxne : iSarf Airorm, 64, 66 
Nerre, Ist cranial (olfactory) : Dog-/Uh, 260 
2nd cranial (optic) : Dog-JUhy 260 
3rd cranial (oculo-motor) : Dog-fiMh, 260 
4th.cranial (pathetic) : Dog-ftih, 261 
6th cranial (trigeminal) : Dog-fith, 261-263 
6th cranial (abducent) : Dog-fith^ 263 
7th cranial (facial) : Dog-JUh, 261, 263-264 
8th cranial (anditory) : Dog-jUh, 261, 264, 262 
9th cranial (gloaeo-pharyngeal) : Dog-fi$ht 264-266 

10th cranial (pnenmogaietric or Tagus) : Log-fish^ 266-866 ; iSoMt/, 347-348 
nth cranial (spinal accessory) : RabbUy 346 
18th cranial (hypoglossal) : BalbU, 346 
antennary : Otckroaeh^ 166 

anditory : Aiai/, 120 ; Cragfishy 161 ; »ee aUo 8th cranial nerre 
branchial : Dog-JUky 866 
buccal : Aiai/, 120 
cardiac : Dog^h, 266 ; RalMty 348 
cranial : Dog-figh^ 249-266 
depressor : RaXbU, 347 
descendens nonl : BaHrity 346 
gastric : Dog-fish, 266 
great auricular : /ZaMi/, 349 
Intermediary : Leech, 66 
mandibular : Dog-JUh, 863 
maxillary : Dog-JUh, 262 
of lateral line : Dog-fi*K 266 
of neck : RahbU, 345-349 
ophthalmic : Dog-fi»h, 262, 263 

optic : Cranfithy 150 ; CoobxNieA, 166 ; mt also 8nd cranial nenre 
palatine : Dog-jUh, 254 
phrenic : BatMt, 321. 349 
post-spiracular : Dog-fitK, 254 
pre-spiracular : Dog-ftah^H^ 
pulmonary : Rabbit, 348 
recurrent laryngeal : Aa6Mf, 348 
spinal : Dog-fitK, 269 
splanchnic : Rabbity 315 
superior laryngeal : RaWt, 347 
sympathetic, cerrical : RabbU, 348 
Tlsceral : CragfUh, 148 ; Cockroach, 166 ; Dogfish, 266 
Narve^sells : HydrOy 19 ; Leech, 65 ; Earthieormy 74; anaOy 120 
Nenre>obain, sm Nerrous sy»tem 
Nerre^wllar : Uterfinke, 32 ; Leeeh^ 49 ; Earthmimi, 70 
Nerre-commteore : Mtutel, 94 

Nerre-conneotiTe : JTimkA 94-95 ; Cfragfish, 147-148 ; CbelmieA, 166 
Nerre^wrd : tee Nerrous system 
Nenr»igBnfi^: 

buccal : amaU, 120 

cerebral : Mussel, 94 ; SnaH, 119 ; CbdtrMicA, 166 

ooeliac : RabbU, 316 

frontal : Cockroach, 166 

inferior cerrical : RoMiit, 349 

optic : Crayfish, 160 

parieto-splanchnic : Mussel, 95 

pedal : ifuMf /, 94 ; SnaU, 120 

post-oesophageal : Crayfish, 148 ; CbdhwicA, 166 

pre-oMophageal : Crayfish^ 147 ; Cockroach, 165 

snb-CBsophageal : Leech, 60 ; Aiol/, 130; Coekroaeh, 166 

superior cerrical : BatMt, 848 

snpra-oesophageal : Z«mA, 49 ; Earthworm, 70 ; SnaU, 119 ; CoehtweA, 165 

Tisceral : Mussel, 96, 108 

riscero-pleural : Snail, 180 
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Nexre-zooto : 

czuiial : Dog-JUk, 260-8M ; AoMtf , 3M-368 

spinal : Amphioxm, 183-183, 187 ; Dog^Uh, 359 
NexTOiu gystem : Hpdra, 19 ; lAver-fiMke^ 33 ; Leeck^ 49-60, 65 ; Earthworm, 7(^73, 74 ; 

Mut$a, 9a-95; SnaU, 119-130; CraffUh, 147-148; Coekroadi, 166- 
167 ; AmpktoxuB, 181-183 ; Av^A, 346^369 ; RabbU, 315, 345-349, 
360-366 ; Pigwm^ 433-434 
Nenzal Breh : Dog4Uh, 303 ; tee aim Yertebn 
Neural canal, «w v ertebra 
Nenzal plate : Dog^ah. 303 
Nenzal prooMs : Dog-fith^ 303 
Nenxal spine : Dog-JUh, 303 ; eee aJeo Vertebra 
Nictitoting membrane : RaJbbU, 306 ; Ftifeon, 396, 434, 436 
Nose, tee Olfactory organ 
Nostril : Dog-Zieh, 198 ; BabbU, 306 ; Pigeon, 399 
Notochord : AmphUKnu, 173, 186 ; Dog-JUk, 300, 301, 309 
Nndeolns : Paramecium, 6 
Nnclens : ^mordo, 3 ; Pfuxmeelam, 6 ; OpaUna^ 7 ; VortieeOOf 11 ; SnaU-OeU, 106 

Occipital condyle : DogM, 309 ; RabbU, 377 ; /'okiI, 877 

Occipital segment : lUMU, 376-377 

Odontoid process : RabbU, 370; Fowlt 871 

Odontophore : Aiotf, 113, 133 

(Esophageal pouches : JSoWAworm, 60 

(Esophagus : JJboerMbe, 39 ; ^eedk, 43 ; BaHhMoorm, 60 ; MMMtA, 96 ; Aia<{, 115 ; Cra^- 

/jA,144; OMatrooe^ 163 ; AV;^319; i2a«Mf,333; i^^era, 406 
Olecranon process : RaJMt, 397 ; /bvl, 389 
Olfactory capsule : Dog-JUh, 303 ; RaMit, 380 ; Fowl, 381 
Olfactory lobe : Dog-JUh, 347 ; RabbU, 362, 364 ; Pigeon, 433 
■Olfactory organ : Crag/Uh, 161 ; ilnyiAiaritf, 183 ; JDog-fiah, 359-360 
Omentum ; RaMt, 316 ; Pigeon, 406 
Ofalika,7 

Opisthotic : RaSMi, 381 

Optic chiasma : Dog-JUh, 367 ; RaJtHfU, 355, 361 ; Pigeon, 434 
Optic foramen : RabbU, 888 

Optic lobe : Dog^h, 348, 368 ; JZoftMr, 853, 365 ; Pigeon, 433 
Optic thalami : RaVbtt, 361 
Optic tract : RaiMi, 366, 361 
Oral groore : Parameeitim, 6 
Orbit : Dog-fiah, 306-308, 248-349 ; Fmel, 379-380 
Orbit04phenold : RahbU, 379 ; FoaA, 380 
Os innominatnm : RaJttU, 399 ; FovO, 390-391 
Os orbicnlare : RabbU, 384 
Ossicle, auditory : Rabbit, 383-384 
Ossicles, of stomach : Craffieh, 146-146 
Otocyst : Muuel, 94 ; Snail, 131 
Orarian duc9: IAver4lyke, 31 

Orary ; Hydra, 31 • UverMx, 31 ; Leech, 49 ; Earthworm, 66, 69 ; Jluuel, 97 ; Cratt/Iek, 
143; (Wtwdk, 168; ^fnpMoruc, 183-184; Dog^/tA, 318, 339; AiU«, 341 ; 

Ptgeon,4S2 
Orlduct : Liver-fiuke, 33 ; Leech, 49 ; EaHhworm^ 66 ; finall, 118 ; Crag^sh, 148 ; Cfact- 

roach, 169; />(V:^l«Ai 239-341 ; RaibU, 341 ; Pti^eon, 433 
Orisac: Leech, 49 
Ovum : ffydro, 33 ; Uver^/iuke, 33 ; Muted, 97 ; AuiH, 117 ; Ooekroaeht 168 ; ila^MoziUb 

184 ; Dog-JUh, 196 ; RabbU, 304 ; il<nl, 396 ; Pigeon, 433 

Palatal process : RabbU, 386, 386 

Palate : RabbU, 307 

Palatine bone : RabbU, 385 ; Foisl, 383 

Pallial carity : Muttel, 88 

Pallial line : Miutel^theU, 79 

Palp, labial : Muatel, 84 ; Cockroach, 169 

mandibolar : Crag/M, 135 

maxlllazy : CMtroach, 158 
Palpiger : Coeiroadk, 159 

Pancreas : Dog-JSth, 830; RabbU, 316 ; /Ypwon, 406, 408 
PiH;>illa, circumTallate : RabbU, 310 
foliaU : RabbU, 310 
nrlno-genital : Dog-JUh, 346 
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ParaglcMM : Cceiroaeh, 169 

PABAMXcnm, 8-7 

ParanaolenB : Airoiiwdiffii, 6 

PanMphenold : /Vywl, 880 

Parietal bone : BabbU, S78 ; Fwl, 380 

Fwrietal legment : Ratbii, 277-878 

FUT'OOclpltal prooen : JUMit, 877 

Patella : RatM, 301 ; Fowt, 388 

PearUeO 

Pecten : Pigeon, 488 

Peotona fin : Dog^Uh, 818 

Pectoral girdle : Dog-JUh, 815; Babbit, 884-885 ; Fowl, 888-387 

PelTic fin : Dog-fitk, 814-816 

PelTio girdle : Dog-fith. 814 ; RtMfU, 898-800 ; Fottel, 390-391 

PelTls of kidney : JUOMt, 336 

PenU : Liver-fluke, 31 ; Z«0eA, 49 ; SmxU, 118 ; RaJbbU, 306, 339 

Pericardial caTity : Mvuel, 88, 99, 100 ; SnaU, 110 ; Dog-Jlsh, 882 

Pericardial sinus : CraM^ 141 

Pericardiom : SimN/, 106 ; RabbU, 880 

Perlnteal pouch : RoMU, 806 

Perloetracnm : MtMO-ihell, 80 ; aHaO-Oett, 107 

Periotio : AoMtf , 881 

Periplaneta, tee Oookioach 

Peristome: ForfiopUa,8 

Peritoneum : Eartfueorm, 73 ; Dogflth, 818 ; ita&M/, 815 

Pes : RabbU, 803 ; /'oW, 393-394 

Pessulus : Pigeon, 419 

Petrous portion : RabbU, 881 

Peyer's patch : Rabbit, 318, 319 

Phalanges : RabbU, 298. 803 ; Fotd, 390, 394 

Pharyngo-branchial : Dog-JUh, 213 

Pharynx : VortieeUa, 10 ; UrrrfluJte, 87 ; XmcA, 42 ; Earihttorm, 60 ; Siatt, 113 ; 
AmpMoxus, 176, 188-189, 191 ; RabbU, 310 

Pia mater : RabbU, 868 

Pioson, 896-488 ; external characters, 896-400 ; pectoral muscles, 400-401 ; air-aaos, 
401-403 ; digestive system, 403-409 ; circulatory system, 409-418 ; respira- 
tory system, 418-420 ; renal and reproductive systems, 480-482 ; bndn, 
423-424 ; sense-organs, 484-438 

Pigmented canals : AmpMoxiu, 180 

pSeal body : Dog-jUh, 847 ; RabbU, 864, 868, 864 ; Pigeon, 488, 484 

Pinna : RabbU, 306 

Pituitary body : Dog-fieh, 867. 868 ; RabbU, 864 ; Pigeon, 484 

Pituitary foremen : RabbU, 877, 890 

Pituitary fossa, aee Sella turcica 

Flaoento : RabbU, 304 

Pleura : RabbU, 383 ; Pigeon, 419 

Pleurobranchia : Crairiiih, 137, 138 

Plenron : Craffith, 187 

Podlcal plate : Cockroach, 166 

Podobranchia : Cratfieh, 137, 138 

PoUex : RabbU, 298 ; Fowl, 390 

Pons Varolii : RabbU, 366, 366 

Pore, dorsal : Karthworm, 69 

Post-axial border of limb : RahbU, 296, 300 ; Fowl, 888 

Post-orbital groove : Dog-fieh, 208 

Post-aygapophysis, eee vertebra 

Pre-axial border of limb : RalbbU, 896, 300 ; Fowl, 888, 893 

Premaxilla : RahbU, 886 ; Fowl, 382-383 

Premolar : RaVbU, 298, 893 

Prepuce : RaJbbU, 306, 839 

Pre-sphenoid : RabbU, 878-879 ; Fowl, 380 

Pre-aygapophysis, »ee Vertebra 

Primary quill : Pigeon, 398 

PrlBmatic layer : Mtueelshell, 80 

ProctodcBum : Cra^fiih, 143, 144; Cockroach, 168, 163 

Pronephros : Dog-fih, 838 ; RabbU, 336 

Pronotum : Cockroach, 166 

Pro-otic : RabbU, 381 

Pzopodite, m Appendage 

a a 
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Fzo-pteryginin : Dog^UK S16 

Proaenoephaloa : JOig-JUk, S47, 266 

Prostate : RaibU, S39-S40 

Prostominm : Leeeh^ 38 ; JEttrf Airorm, 58 

Frothonuc : Oockroaehf 155 

Protopodlte : Cragfish, 1S8 ; tee alto Appendage 

Protozoa, 1-lS 

ProTentricolos : Coekroachy 162 ; Pigfon^ 406 

Psendobranchia : Dog-fiih, 232 

Psendopodia, 1>S 

Pterygoid bone : RabbU^ 286 ; /Wl, 682 

Pterygoid fossa : RaHbU, 286 

Pterygoid process : RcMH^ 277-278 

Pterylse : Figeon, 899 

Pnbes : RtOtU, 299 ; /Wi, 391 

Pnlvillas : Coetroaeh, 159 

Pupil : Dog-Jlth, 260 

Pygostyle : Fowl, 873 

Pylorus : RabbU, 816 

Pyramid of kidney : Rabbit, 336 

Quadrate : Fovl, 884 
Qoadrato-jugal : /Vie/, 363 
Quill : Pigeon, 397 
Qnill-feathers : Pigeon, 398 

Babbit, 264-366 ; vertebral oolumn, 266-273 ; ribs and sternum, 273-275 ; skull, 275- 
291 ; teeth, 291-293 ; appendicular skeleton, 293-303 ; external characters, 
305-307; buccal cavity, 307-313; abdominal viscera, 313-315; digestive 
system, 315-320 ; thoracic viscera, 320-322 ; circulatory system, 322<^5 ; 
renal and reproductive systems, 335-342; dissection of neck, 343-350; 
dissection of brain, 35(K-S66 
Raohis : Pigeon, 397 
Radius : Rabbit, 296 ; Fowl, 389 
Badula : Snail, 122 

Receptaoulum ovorum : Earthworm, 66, 69 
Reoeptaoulum seminis, see Bpermatheoa 
Rectal diverticula : Pigeon, 408 
Rectrioes : Fowl, 373 ; Pigeon, 399 
Rectum : Muml, 88, 96 ; SnaU, 108, 112 ; Cockroach, 163 ; Dog-Jlth, 219 ; Rabbit, 314, 319, 

320, 340 ; Pigeon, 408, 421, 422 
Redia, 33-35 

Rejuvenescence : Paramecitan, 7 
Remiges : Pigeon, 398 
Reno-pericardial canal : Snail, 111 
Reproduction : Anueba, 3 ; Parameelym, 6 ; Opalina, 7 ; VortieeUa, 11 ; Hydra, 20-22 ; 

lAver-fivke, 32-36 ; SnaU, 116 
Reproductive system: Uxer-fivke, 29-32; Leedi, 48-49, 55; Earihwonn, 65-70; Mtu$el, 

96-97 ; SnaU, 116-119 ; Crayfiih, 142-143 ; Cockroach, 167-169 ; 
Amphioxm, 183-184, 193 ; Dog-fteh, 238-246 ; RabbU, 335-342 ; 
Pigeon, 43^422 
Respiration : Leech, 51 ; Mussel, 87 ; Craufish, 136, 139 ; Cockroach, 164 ; AmpMoxus, 176 ; 

Dog-fish, 221 ; Pigeon, 401 
Respiratory system : Snail, 108-110 ; Cockroach, 164 ; Amphioxus, 175-176 ; Dog-fish, 

221-222 ; Pigeon, 418-420; see also Oill, Lung 
Restiform bodies : Dog-fish, 248, 258 
Retina : Dogfish, 261 

Rib : Dogfish, 201 ; RaJbMt, 273-274 ; Fowl, 373-374 
Rostrum : Crawfish, 128 ; Dog-fish, 205 ; Fowl, 378, 380 

Sacci vasculosi : Dog-fish, 257 
Sacculus rotundus : Rabbit, 318 
Sacrum : Rabbit, 272-273 ; Fowl, 372-373 
Salivary receptacle : Coekroo/ch, 163 
Scales : Dog-fish, 199-200 
Scaphocerite : Craufish, 135 
Scaphognathite : Crayfish, 134. 139 
Scapula : RabbU, 294 ; Fowl, 387 
Scapus : Pigeon^ 397 
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Solerite : Cranfith^ 145 ; Coetroaeh, 156 

Solerotio : Dog-^Uk, 860 

Solerotlo plate : Pigeon^ 4S6 

Sozotal no : RoMM^ 300, 837 

Soylliam, aee Dog-flBh 

Secondary quilla : Pigetm^ S98 

Beotion, tnuurene : Hydra, S4 ; ZeeeA, 50-55 ; EartktBorm, 72-75 ; Muml, 97-109 ; 

AmpMoxtu, 184-195 
Segment : Leechf 37 
Segmental organ, jw Nephridia 

Segmentation : Leeeh, 37 ; Barthworm, 56 ; OtiyflcA, 1S5 ; Coekroack, 153 
Segmentation of aknll : RtObU, 976 
Sella tnrcica : RabbU, 977 

Semioironlar canal : Dog-JUh, 906, 961, 969 ; Pigeon^ 498 
Seminal funnel : Earthneorm, 68 
Senae-oapsnles : Dog-JUh, 903 ; iZoMtt, 980-984 
Senae-organs : ZeeeA, 60 ; JTiuwl, 94 : SmM, 191 ; Cmyfiah^ 149-161 ; Cockroach^ 167 ; 

Amphtaanu, 188 ; ZI(v-/«A, 959-963 ; Pigem^ 494-498 
Septum : Earthnnrm, 59, 74 ; ilmpJUanw, 174 
Septom anrionlanim : PigeoHt 41(M17 
Septum, inteiorbital : Fowl, 375, 380 
Septum luoidum : RaXMi, 360 
Septum narium : Dog-JUhy 906 ; RahbU, 990 
Sesamoid bone : Babbit . 264 
Setn : Earthworm, 67, 73 
Shell : Mu$ta, 77-«0 ; SnaH, 10»-104, 106-107 
Shell-gland : Liver-/luie, 31 
Sinus, blood : Leech, 43-44, 64 ; Aiatf, 124 ; CraffUh, 139 

anterior cardinal : Dog-jtih, 997, 228 

coronary : Dog-fith, 938 

CuTierian, JDog-ftA, 927 

genital : />(V^^(<A, 229 

hepatic : Dog-fish, 227 

hyoidean : Dog-fish, 228 

inferior jugular : Dogfish, 227 

inter-orbital : Dogfish, 228 

orbital : Dogfish, 207, 228 

posterior cardinal : Dogfish, 227, 228 

post-orbital : Dog-fish, 228 

▼enosus : Dogfish, 225, 237 
Sinus, genital : lAver-fiuke, 32 

urinary : Dogfish, 242 

nrino-genital : Dogfish, 246 
Skate, 196 

Skeleton : Atnphtoxus, 173-174, 186 ; Z^->A, 200^217 ; RaJbMt, 264-303 ; FokI, 367-394 
Skeleton, appendicular : BalibU, 293-303 ; Fovl, 386-394 
axial : RaUHt, 266-891 ; Fowl, 367-386 
branchial : AmphSoxus, 174 
buccal : AmphUurus, 173, 186 
ondophragmal : Crawfish, 147 
of fins : AmpMoxus, 173, 185 ; Dogfish, 914-917 

tnftintnAUMi, 265 

Tiscersl : Dogfish, 90»-213 
HViif, 4M Integument 

Skull : Dogfish, 20^-209 ; AiMtt, 976-991 ; Fowl, 376-386 
Snail, 103-194; external chanuitexs, 103-108; mantle cavity, 108-119; digestive 

syston, 113-116; reprodnctlTe system, 116-119; nervous system, 119-120; 

sense-organs, 191 ; buccal mass, 191-122 ; circulatory system, 122-124 
Somite : Leech, 37 

Spennatheoa : Earthworm, 66, 69 ; SnaU, 119 ; Cockroach, 169 
Spermatoblast : Earthworm, 70 
Spermatophore : Leeeh, 49 ; anaU, 118 
Spermatoepore : EaHhworm, 70 
Spermatosoa: Hydra, 21; Leeeh, 48; Earthworm, 69-70; 8naU, 117; Cro^/fiah, 143 ; 

AmpMoxus, 184 
Sperm sac: Dogfish,iAl 
Sphenoidal fissure : Babbit, 978 
Spinal cord : AmpMorus, 181, 186 ; Dog-fish, 959 
Spinous process, see Vertebra 
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Splraole : Coetroaeh, 1S7 ; Dog-JUh, 198 

Spiral valve : Dog-JUh, S19-SS0 

Spleen : Dog-Jbh, 218 ; Rabbit, 315 ; Pfffeon, 407 

Splenlal : Fotel, 385 

Sporocyst, S3 

Sqnamoeal : Rabbit, S87 ; Fmtl, 378, 379 

etnpM : Rabbit, 284 

Bternebra : RabbU, 274 

Bternoxn : Crauflth, 127, 129 ; Rabbit, 274-276 ; Fottl, 374-^76 

Stigznate : Coekroaeh, 157, 164 

Stipes : CMibwieA, 158 

BtonukOh: Leech, 43; iTuM^ 96 ; amtil, 115: C!ra0UI, 144; AnqMarus, 177 ; Dog-.fieh, 

218, 219 ; AaftM, 314, 316, 319 ; Pigeon, 406 
Stomatodoenm ; Craitfiih, 143 ; Coekroaeh, 162 
Babmentom : Oodroodk, 159 
Saoker : Ueer^uke, 27 ; Leeeh, 38 
Soloiu : ita&MT, 862, 361 
Sapporting lameUa : Hjfdra, 17, 19, 23, 24 
Bapra-angnlar : FoW, 386 

Sapra-branohial chamber : Muuel, 82, 87, 98, 100, 102 
Snpx^^Mcipdtal : Rabbit, 277 
Supraorbital oreft : Dog^iah, 206 
8upra^<irbital pKOoesa : Rabbit, 279 
Snpia-flcapiila : Rabb4t, 294 
Safpenaonnm : Dog-Jlih, 212 
Saspenflory told of pharynx : Ampktoiug, 178, 189 
Swimmeret, tee Abdominal appendage 
Sylvian aqnednct : Rabbit, 365 ; Pigeon, 424 
Sylvian fiasure : Rabbit, 354 
Symphysis pubis : Rabbit, 299-300 
Syrinx : Pigeon, 419 

Tapetum : Dog-JUh, 260 
Tarso-metatarsns : Fowl, 393-394 
Tarsus : Coekroaeh, 169 ; RabbU, 301-302 
Teat : RabbU, 306 

Teeth : Cragfieh, 144, 146 ; Cockroach, 162 ; Dog-fith, 200^ 211, RaWt, 264-S65, 291-393 
Telson : Crajifiih, 129 

Tentacle : Hydra, 16-16, 17-19 ; Muaael, 83 ; aaail, 104 ; Am^hioxus, 171 
Tentorium ; Cockroach, 165 ; Rabbit, 352 
Tergum : Crox^bA, 127 

Testis : Hydra, 21 ; lAver-Auke, 29 ; leveA, 48, 65 ; EarthKorm, 68, 69 ; Muuel, 97 ; Cray- 
JUh, 142 ; CocirvNieA, 167 ; Amphioxv*, 184 ; J)og'Jlah, 218, 242 ; AiUi/, 337 ; 
Pigeon, i2l 
Thalamencephalon : Dog-JUh, 247 ; RaJbbU, 352, 358, 361-862, 363-^64 
Thoracic appendage : CmyfUh, 131-134 ; Codnvach, 159 
Thoracic duct : Rabbit, 332 
Thoracic viscera : RabbU, 330-322 
Thorax : Crayfiah, 129 ; Cockroach, 155-156 
Thread-cell : Hydra, 18, 19, 23, 24 ; eee aim Trichocyst 
Thymus : RabbU, 320 
Thyroid body : RabbU, 344 
Thyroid cartilage : RabbU, 343, 350 
TibU : Coekroaeh, 169 ; RabbU, 301 
Tibio-tanua : Fovl, 392-393 

Tongue : Coehvaeh, 162 ; RabbU, 30»-310 ; Pigeon, 404 
Tonsil : RabbU, 309 

Trachea : RabbU, 321, 843 ; Pigeon, 418 
Tracheal tube : Coekroaeh, 164-165 
Transverse process : Dog-JUh, 201 ; eee also Vertebra 
Trichooyat : PauxaneeUim, 6 

Trochanter : Coekroaeh, 159 ; RahbU, 800 ; Foiel, 392 
Tuberole : RabbU, 274 
Tympanic bone : RabbU, 283-283 

bulla : RabbU, 277, 282 

cavity : RabbU, 282 ; Fovl, 378-379 ; Pigeon, 437 

membrane : RabbU, 283 ; Fovl, 378 ; Pigeon, 426 
Tympano-Buttachian passage : Pigeon, 426-427 
Typhiosole : Earthworm, 62, 73, 74 ; Mutael, 96, 98 
Typical segment : Cray/Uh, 126-128 
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Ulna : XabbU, S96-S97 ; Fowl, 889 
TJmbUicuB, of feather : Fl^eon, 897 

of enaU-tiieU, 106 
Umbo : Muttd-iktUJl 
Uncinate process : /Wl, 374 
Ureter : Mu»$a, 9S, 99, 100; SnaU, 119 ; Oax/bA, 147; Dog-JUh, S41, S46; RatMt, 336 ; 

Pi{feonfA3,(i 
Urethra : Rabbit, 338 
Urino-genltal pouch : PigeoUt 4S1, 4S3 
UteroB : Liver-Jluke, 3S ; RaUbU, 341 
Utems nuuoallnas : SaJbbU, 389, 840 

Vacuole : Hydra, 23, S4 

Vacuole, food : AmoOM, S ; Paramecivm, 6 ; VoHieeUa, II 

pulsating : Amaba, 3 ; /\iramedt<m, 5 ; VortieeUa, 11 
Vagina : Liver-fluke. 31 ; ZmcA, 49 ; Snail, 118 ; RabbU, 34S 
Vagus, «M Nerre, loth cranial 
ValTe, Eustachian : BatbU, 833 ; Pigeon, 416 

mitral : Babbit, 334 ; Pigeon, 418 

of Vieuasens : Babbit, 353, 365 

semilunar : Rabbit, 334, 335 ; /Vm> *^7, 418 

spiral : ZIo?^ 219-S30 

tricuspid : BabbU, 834 
Vane : A^«m, 898 _^ ^ ^^ ,^, 

Vas deferens : lAeerMbe, 89 ; Leeeh, 48, 55 ; Banhnwrm, 69 ; OtaU, 118 ; CraufUh, 143 ; 

OwitrDacA, 167 : Dog-ZUh, 943 ; BabbU, 338, 339 ; Pt^mrn, 491 
Vas efferens : Leech, 48 ; Barthunrm, 69 ; Dog-fieh, 943 ; /SaMtl, 837 
Vein, asygos cardinal : BabbU, 895 

brachial : Pigeon, 410 

caudal : Dog^/bh, 930 ; Pigeon, 419 

oocoygeo-mesenteric : i^i^won, 405 

coronary : BabbU, 333 

duodenal : BabbU, 398 

fecial : BabbU, 896 

femoral : BabbU, 898 ; PK^mm, 419 

Ipftstro-duodenal : Pigeon, 413 

hepatic : AmpMoxus, 180, 193 ; BabbU, 397; /"iywa, 411 

hypogastric : Pigeon, 419 

lliao : BabbU, 397, 398 ; Pli^iMm, 411, 419 

ilio-lumbar : BabbU, 327 

Intercostal : Babbit, 395 

internal iliac : Pigeon, 419 

internal mammary : BabbU, 396 ; Pigeon, 410-411 

jugular : BabbU, 396 ; Pt^eon, 410 

lateral : Dogfleh, 999 

lieno-gastrio : BabbU, 398 

mesenteric : BabbU, 328, 399 ; /V«oni 412, 413 

OTarlan : Babbit, 327 

pectoral : Pigeon, 410 

phrenic : BabbU, 327 

portal : AmphUunu, 180, 192 ; Dog-fleh, 230 ; iSaMir, 328 ; Pigeon, 405, 413-413 

pulmonary : SnaU, 110 ; JlaMiT, 324 ; Pigeon, 418 

renal : Dog-fiek, 229 ; i2a5M, 327 ; Pigeon, 412 

renal portal : Dog-JUh, 280 

spermatic : BabbU, 327 

snbolaTlan : Dog-JUh, 229 ; IZoMtt, 826 

rertebral : Pigeon, 410 
Veins : Muml, 90 ; ana«, 124 ; Dog-JUh, 225-330 ; BabbU, 324-329 ; Pf^wm, 410-413 ; eee 

o/m Sinus 
Veins, of kidney : Pigeon, 411-413 
Velum : Amphioxru, 175 
Velum Interpoeitum : BabbU, 361, 364 
Velum medullsB : BabbU, 363-354, 865-366 
Vena cara : Muml, 90, 99, 100 
Vena caTa, anterior : BabbU, 333, 835, 326 ; Pigeon, 410, 411 

posterior : BabbU, 323, 336 ; Pigeon, 411 
Ventricle, of brain : Dog-JUh, 258 ; BdbbU, 358 

lateral : Dog-JUk, 258 ; BabbU. 359 ; iV«»«^ *M 

third : Dogfleh, 247, 258 ; BabbU, 362, 863 ; Pigeon, 434 
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Yentride, fonrth : Dog^Uh, f 4S, SS9 ; RahbU, 865 ; Pigetm, 434 

fifth : RatbU, 860 
Ventricle of heart : Muml, 89, 100 ; AtoO, 111 ; Dog-JUh, n8, 287 ; RahbU, 383, 838-335 ; 

Piffwn, 417-418 
Ventrlde of lazTiix : ReMU, 850 
Ventriole of nerrone system : AmpkUunu^ 181 
Vermiform appendix : RabhUy 314, 318, 320 
Vermis oerebeUi : RahhU, 353 
Vertebra, anticlinal : EaWi, 271 

oandal : BahbU, 273 ; Fowl, 378 

cerrioal : ibiUir, 267-2n ; /bwl, 36»-871 

lumbar : JSoMtf, 272 

saoral : RahbU, 272>273 ; Fmtl, 372-373 

thoraolc : RatbU, 271-272 ; /Wl, 8n-372 

typical : iZoMf, 266-267 
Vertebral column : Dog-^Uh, 201-203 ; Bab&U, 266-273 ; /W/, 367-^73 
Vertebral column, deTelopment of : Dog^Uh, 200 
Vertebrarterial canal, me Vertefaxa 
Verumontanum : JfoiMr, 340 
Vesicula aeminalis: Liver^uie, 30; Bttrthwormt 66-68; CoekroaeKt 167; Z>tv^tA|243; 

Vessel, tee Blood-resael 

VesUbuIe : YwiieeUa, 8 ; ArMtt, 342 

Vestibule of ear : l>og-4Uht 262 

Vexillum : PK^eon, 398 

Vibrissa : RabM, 306 

Villi : RatbU, 319 

Visiceral hump : Snail, 107-108 

Visceral mass : JItuteiy 83, 98 

Visceral nervous system : Crvn/Uhy 148 ; Cockroach^ 166 

Visceral skeleton : Dog-JIsh, 209-213 

Vitellarium : Liter-fluke^ 31 

Vocal cord : RabbU, 360 

Vomer : RahbU, 281 ; Fowl^ 381 

VORTICSLUL : 8-12 

Vulra : /ZaMtf, 306 

Wing : Coctroaeh, 156 ; /W/, 388^90 ; Pigeon^ 397 
Wrist, eee Carpus 

Xiphisternum : Eahbit, 275 
Xiphoid process : Fotrl, 375 

Yolk<«ll : Liter-fluke, 33 
Yolk-gland : Liter-fluke, 31 
Tolk-reserToir : Liter-fluke, 31 

Zygapophysis, eee Vertebra 

Zygomatic arch : BaJbbU, 286 

Zygomatic process : RahM, 286, 287 ; /\i»/, 379 
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